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Ms. Thelma Jenkins-Anthony

February 4, 1994
Hazardous Waste Division

ViroGroup, Inc.
Suite |

417 S. Buncombe Road
Greer, SC 29650

Phone 803-879-3900
FAX 803-8790111

Louisiana Department of Environmental Quality

7290 Bluebonnet - H.B. Garlock Building, 5th Floor
Baton Rouge, Louisiana 70810

Mr. Rafael Casanova

United States Environmental Protection Agency
Hazardous Waste Management Division
RCRA Permits Branch (6H-P)

1445 Ross Avenue

Dallas, Texas 75202-2733
Re:

Environmental Assessment Report - Volume [
Laidlaw Environmental Services (Thermal Treatment), Inc.
Colfax, Louistana
EPA ID# LAD981055791

Ms. Jenkins-Anthony and Mr. Casanova:

On behalf of Laidlaw Environmental Services (Thermal Treatment), Inc,, [ am submitting
to each of you, two copies of the Environmental Assessment Report - Volume 1. This

volume of the report addresses site characterization and screening assessment for
groundwater, wetlands, surface water and soil. A 3.5" diskette of the report is also provided.
Volume II of the report will be submitted under separate cover by ERM, Inc. and will
address - air -quality as well as human health and ecological risk assessments. The two
volumes constitute the entire Environmental Assessment Report and address the issues
raised in the Work Plan as well as comments received from EPA dated-December 7, 1993.

There are o other state or local permit requirements or public health requirements in
regard to facility. operations that have not already been addressed by Laidlaw. '
Please contact me if you have any questions regarding Vo

fiime I of__the EAR.
Sincerely, /
Robert 1. Hall,.P.E.

Regional Mandger
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SECTION I - INTRODUCTION

1.1  PURPOSE

On March 31, 1993 the Environmental Protection Agency (EPA) issued a RCRA Subpart
X Hazardous Waste Permit to R & D Fabricating and Manufacturing, Inc. for the operation
of thermal treatment units and a waste preparation building. The treatment permit was
issued after issuance of a storage permit by the Louisiana Department of Environmental
Quality (LDEQ) regulating onsite storage of reactive waste. The full RCRA permit was
developed under a joint permitting agreement between the EPA and the LDEQ.
Subsequently, the facility ownership and permit was transferred to Laidlaw Environmental
Services (Thermal Treatment), Inc. Section 264.601 of Subpart X requires that a facility
demonsirate compliance with the environmental performance standards to ensure protection
of human health and the environment. The environmental assessment process is designed

to demonstrate compliance with these standards for affected media of exposure.

An Environmental Assessment Work Plan (EAW) was prepared and submitted to EPA and
LDEQ in June 1993. The EAW outlined the site characterization and assessment
procedures to be implemented at the LESI facility in order to demonstrate compllance with
the environmental performance standards. This Environmental Assessment Repon (EAR)
documents the field work and modeling procedures used to show that the facility will
operate in compliance with the Part 264.601 standards. It incorporates EPA comments on

the EAW dated December 7, 1993.

1.2 SCOPE

As stated in the EAW, the assessment scope of work shall address the environmental
performance standards of 40 CFR Part 264.601(a), (b) and (c). These standards include the
following exposure pathways:

- Groundwater and subsurface environment

INTRONAR.16C -1-
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- Surface water and wetlands
- Soil surface
- Air

Sections II through V of the EAR address each of these pathways, including site

characterization information and the screening assessment.

There are numerous design and operational procedures which will minimize any potential
impact to human health and the environment through the listed exposure pathways. These
features are discussed in the Subpart X application as well as the EAW. Through
conservative modeling and assessment procedures, the EAR addresses release scenarios that,
although unlikely to occur, show that the thermal treatment operations will not adversely
affect human health or the environment. Ongoing monitoring programs supplement the

screening assessment to provide detection of a release after the facility initiates operation.

1.3  UNIT CHARACTERIZATION

The thermal treatment units, storage magazines, preparation building and truck staging
areas are fully described in the Part B permit application. The Subpart X application also
fully characterizes facility waste management units and qualitatively assesses their impact.
Figure 1-1, Site Plan, shows the final location of constructed units at the facility as well as
the location of wells and piezometers. Figure 1-2 is a USGS topographic map showing the

facility location and significant topographic features surrounding the facility.

1.4  WASTE CHARACTERIZATION
The RCRA permit contains a description of all wastes proposed for treatment. Previously
submitted documents which contain information on the waste are as follows:

- "Thermally Treated Waste - Supplemental Information”, R & D Fabricating
and Manufacturing, Inc., April 1990.

INTRONAR.16C -2-
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- "Final Source Characterization Plan for the R & D Thermal Treatment
System”, ENSR, September 1990.

- "Final Technical Support Document for the R & D Thermal Treatment
System", ENSR, April 1991.

- "Waste Categories/ Waste Stream Hazardous Waste Constituents”, LESI, May
1993 :

- "Response To Item A - Comments To Environmental Assessment Work Plan’,
LESI, December 1993.

Attachment 1 of the Subpart X application contains analytical results of the ash which show
the effectiveness of treatment and which characterizes the material for land disposal.
Additional analytical data on ash composition is provided as Appendix 1-A, including

analyses for organics, metals and reactivity for cyanide and sulfide.

1.5 SITE CHARACTERIZATION AND SCREENING ASSESSMENT

A significant amount of site characterization data is contained in the permit application and
the ENSR report, "Final Technical Support Document for the R & D Thermal Treatment
System", April 1991. The EAR includes much of this data and additional information to the
extent such information is required to show compliance with the environmental performance
standards. The following sections provide a brief overview of site characterization

information.

1.5.1 Groundwater and Subsurface Environment
The groundwater and subsurface environment site characterization was completed in two
phases. First, a literature search of available government and public data bases was
conducted in an attempt to obtain background site information. The second phase consisted
of a field investigation that included borings and well/piezometer installation. geophysical

logging, and seismic studies. Section II describes the site characterization procedures,

INTRONAR.16C -2-



including evaluation of field data.

The screening assessment includes the following tasks:

- Determining the worst-case scenario for a groundwater release, including

characterization of the source and environmental setting of this release.

- Determining a worst-case dispersion scenario for the transport of groundwater and

modeling 10 estimate extent of plume and rate and direction of plume migration.

- Providing a qualitative analysis of local groundwater quality.

In order to screen the potential impact of a breach in the concrete pad under a worst-case
scenario, LESI assumed that target contaminants migrated through the breach and reached
the underlying soil and groundwater. The Organic Leachate Model (OLM) and Vertical
Horizontal Spread Model (VHSM) were used to assess movement of contaminants via the
subsurface soil and groundwater. The OLM simulates leaching of contaminants in the same
manner as the TCLP procedure and is described fully in Section II. Target contaminants
included metals contained in Section 3.4.3.1 of the EAW, mercury and select organic
constituents previously included in soil sampling conducted around the existing burners.
Resulting target contaminant concentrations in the groundwater were compared to existing
state or federal groundwater quality criteria and health based criteria to evaluate potential

impact.

1.5.2 Wetlands and Surface Water
A wetlands consultant was retained to delineate any wetland areas within the facility
boundary. Section III contains the consultant's report and conclusions that indicate there

are no wetlands located at the facility. Additional information is provided on the wetlands

INTRONAR.16C -4-
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area nearest the facility as taken from the National Wetlands Inventory map.
Documentation from the Army Corps of Engineers which indicates their concurrence with

the wetlands study is provided.

Topographic and flood plain maps were used to assess surface water bodies near the facility.
U.S. Geological Survey Water-Data Report LA-92-1 and Louisiana Water Quality
Regulations were reviewed to determine if water quality criteria had been assigned to area
waters receiving discharge from the facility. Climatological data was obtained from the

National Climatic Data Center and Louisiana State University.

In order to screen the potential impact of this runoff on surface water or wetlands under a
worst case scenario, LESI assumed that target contaminants (i.e., Section 3.4.3.1 - EAW,
mercury) were removed from the pad through a specified storm event. The concentration
of each contaminant was determined through particulate deposition modeling (Section V).
A determination of the target constituent concentration in the retention pond discharge was

made and compared to appropriate water quality criteria.

1.5.3 Soil Surface
Site characterization of the soil surface was completed in conjunction with the
characterization of groundwater and subsurface environment (Section 11). Information on
the soil surface includes published data on soil types and local seismic activity. Data on soil
thicknesses, composition, permeabilities, porosities, and depth to bedrock was compiled
through review of published data and field investigation. Additional soil information is

contained in Appendix 3-A, Wetlands Determination Report.

A previously submitted Soil Sampling Plan for the proposed thermal treatment units is
included in Section IV. Subsequent to EPA approval, this plan will be implemented by the

facility to characterize the soil surface downwind of the treatment units oo an ongoing basis.

INTRONAR.16C -5-



L)

=
——
— = S—
——

== iroGroup

There will be no direct release of waste material to the soil due to the containment features
of the waste management units and operational features regarding collection of residues and
spilled materials. Two potential scenarios involving contaminant migration through the soil

pathway include:

- Deposition of particulates with removal through surface runoff
- Percolation of contaminants to groundwater resulting from particulate deposition on

the soil surface.

Surface runoff of particulates is considered in the surface water assessment (Section ITI) with
runoff from the concrete slab as the worst case scenario. Percolation of particulates to
groundwater will be considered in the groundwater assessment (Section II). Fugitive dust
emuissions from vehicular traffic is considered to be a minor potential source of particulates

and is assessed for its dust contribution to ambient air quality as described in Section 4.2.1.

1.54 Air
The air quality site characierization and screening assessment was performed by
Environmental Resources Management, Inc. (ERM) of Ewing, New Jersey. ERM used
information available from the National Climatic Data Center (NCDC) and the Alexandria,
LA airport hourly observations to define atmospheric conditions such as prevailing wind
speed, wind direction and atmospheric stability. US Geological Survey (USGS) topographic
maps helped to define terrain features which may affect the dispersion environment in the

vicinity of the facility.

Air pollution measurement data was obtained from the Louisiana Department of
Environmental Quality (LDEQ) and the US Environmental Protection Agency (USEPA)
and/or the air pollution technical literature. Specific attention was focused on the

availability and analysis of heavy metals data from ambient air monitoring programs in

INTRONAR.L6C -6~



central Louisiana. This analysis provided information for comparison of modeled off-site

heavy metal concentrations with prevailing metal levels in central Louisiana.

The air media screening assessment contained in Section V includes the following

COmponents:

- Emission estimation;
- Air dispersion and depositional modeling;
- Human health risk assessment; and,

- Ecological risk assessment,

ERM reviewed available explosive manufacturer's data and technical literature in an attempt
to obtain information on waste constituents. Based upon this research and previous
emissions testing conducted at the facility, ERM developed "reasonable worst-case” emission
estimates for the facility for target contaminants contained in Section 3.4.3.1 of the EAW

and mercury.

The Industrial Source Complex Version 2 (ISC-2) Model was used to estimate off-site
ambient air impacts and to predict dry deposition patterns. A human health risk assessment
was performed with particular attention given to ingestion of contaminated soil and
inhalation of particulates. An ecological risk assessment was performed also and consists
of four parts: problem formulation, expostre assessment, ecological effects assessment, and

risk characterization.

INTRONAR.16C -7-
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2.1  SITE CHARACTERIZATION

2.1.1 INTRODUCTION

2.1.1.1 Purpose of Investigation
ViroGroup, Inc. (VG) was contracted on March 18, 1993 by Laidlaw Environmental Services
(Thermal Treatment), Inc. to perform a hydrogeological site characterization in support of the

environmental assessment for the thermal treatment facility located in Colfax, Louisiana.

This investigation was divided into two (2) phases. In the first phase, VG conducted a
literature search of available government and public geological and hydrogeological data bases
inanattempt to obtain background information on the site’s subsu rface geology/hydrogeology.
Phase I was a field investigation that involved exploration of the site’s subsurface geological
and hydrogeological characteristics. This investigation utilized soil borings, installation and
development of monitor wells, geophysical well logging, and shallow seismic studies in order

to obtain the necessary data.

2.1.1.2 Literature Search
Local divisions of the United States Geological Survey (USGS) were contacted to determine
if any information was currently available describing the geology of the Colfax area. USGS
information revealed that the subject area is located within a geologic formation called the
Catahoula Formation and that detailed site specific information should be available from the

following sources: Louisiana Department of Transportation and Development, United States

SITECHR.16B -1-
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Army Corps of Engineers, Louisiana Geological Survey, and/or the Louisiana State

University's library system.

Bradford C. Hanson, Semior Research Geologist with the Louisiana Geological Survey (LGS),
indicated that the site is located within the Catahoula Formation and consists of sandstones,
siltstones, volcanic tuffs (welded and unwelded), silts, and clays. He also stated that the Colfax

area has not been fully investigated by the LGS.

The Louisiana Department of Transportation and Development (LDOTD) conducted a
computer search of their water well records to determine if any water wells were completed
in the site's vicinity and if the drilling logs were available. Subsequent review of the records
provided by LDOTD indicated that the recorded well location nearest the site was

approximately two miles to the southwest, and that the available well log information would

be inadequate to characterize the site.

ViroGroup contacted the United States Army Corps of Engineers (USACE) on March 23,
1993 t0 obtain copies of the boring log information they acquired during construction of the
[ATT Red River project located adjacent to the subject site. The IATT Reservoir is located
approximately five miles southeast of the site. The USACE borings were relatively shallow
in depth (less than 25 feet). Review of the site's location indicated it was in a different

geological formation and thus yielded little, if any, useful information about the site.

SITECHR.16B <
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There are four water wells in use within a two (2) mile radius of the property boundary. These

wells are:

1)

2)

3)

4)

West Grant Water District Well located in Section 13. This well is 65 feet deep
and seldom used due to high iron content in the water.

West Grant Water District Well located in Section 24. This well is 65 feet deep
and seldom used due to high iron content in the water.

A private well, owned by Mr. John Antee, located in Section 23. This well is 37
feet deep and is used for human consumption.

A private well, owned by Ms. Dauzat, located in Section 29. This well is 35 feet

deep and is used for human consumption.

The document Water Resources of the Terrace Aquifers, Central Louisiana, prepared by the

USGS and the LDOTD, 1981, was reviewed 1o determine general water quality characteristics

in the area. Central Louisiana is mapped into four terrace deposit formations: the Williana,

Bentley, Montgomery, and Prairie Formations. These formations consist generally of anupper

clay and silt layer and a lower sand and gravel layer. The terrace aquifers occur in the sands

and gravels of these formations. The aquifer occurring in the Prairie Formation is referred to

as the Prairie aquifer. The thickness of the Prairie aquifer ranges from 10 to 130 feet.

According to this document, the West Grant Water Association owns a water well located

along Highway 471, approximately 0.5 mile from the property boundary. This well (G-392),

located in section 13, is 45 feet deep and is screened in the Prairie aquifer. The water level

SITECHR.!6B
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in well G-392 was 7 feet below ground surface on October 4, 1973; and the well produced 150
gallons per minute on May 19, 1976. Water samples collected from this well on October 9 and
12, 1973 revealed the following: specific conductance - 98 yumhos, pH - 6.0 and 5.9, hardness -
12 and S mg/], dissolved calcium - 2.4 and 1.2 mg/], dissolved magnesium - 1.5 and 0.4 mg/I,

dissolved sodium - 21 and 25 mg/], dissolved sulfate - 1.0 and 1.6 mg/l, dissolved chloride - 15

and 20 mg/|, dissolved fluoride - 0.2 and 0.1 mg/l, dissolved solids - 108 and 81 mg/1, dissolved
iron - 300 and 100 /1, and dissolved manganese - 0 and 20 x/1.

. SITECHR.16B -4-
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2.1.2 FIELD INVESTIGATION
This section describes the field activities conducted between May 3, 1993 and July 23, 1993;

and between December 21 and December 23, 1993.

2.1.2.1 Soil Borings
Geotechnical Testing Laboratory, Inc. (GTL) was contracted to complete six (6) shallow (less
than 20 foot deep) geotechnical borings at the site (Appendix A). These borings were
completed to determine the geotechnical parameters of the site's surficial soils. Borings were
drilled utilizing a truck-mounted hydraulic drill rig with eight inch outside diameter (O.D.)
and 4.25 inch inside diameter (I.D.), hollow stem augers, according to standard auger drilling
techniques. Soil samples were obtained at 5 foot intervals by advancing a standard 24 inch
split spoon sampler ahead of the hollow stem augers using a 140 Ib. hammer free-falling 30
inches (ASTM D1586-67) or by hydraulically advancing the split spoon. All drilling and
sampling equipment (drilling, augers, samplers, hand tools, etc.)was decontaminated by steam

cleaning prior to and between borings and sampling points.

In order to gain additional information regarding site stratigraphy, Groundwater Protection,
Inc. (GP) was contracted to install six (6) deep borings at depths of 40 10 160 feet BGS
(Appendix B). These borings were installed with a hollow stem auger until groundwater was

encountered and then advanced to completion using mud rotary methods. The borings were

SITECHR.16B -3-
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sampled continuously and samples were visually logged using a modified Unified Classification

System.

The sample cores were preserved by a VG hydrogeologist on site and were subsequently
sampled and field screened by head space analyses using a Photo-lonization Detector (PID)
with a 10.6 electron volt probe (calibrated to Isobutylene) utilizing field headspace protocol
for volatile organic vapors. The samples exhibiting the highest PID readings were submitted
under chain-of-custody for laboratory analyses of parameters stipulated in the Environmental
Assessment Work Plan. A summary of soil sample analytical results are contained in Table
2-2. In addition, specific stratigraphic horizons (confining clays and aquifer sands) were
sampled and submitted for geotechnical analyses to Geotechnical Testing Laboratories, Inc.
(Appendix C). Two samples were submitted to Gore Labs, Inc. for grain size analysis

(Appendix D).

2.1.2.2 Monitor Wells and Piezometers
Two (2) of the soil borings were converted to groundwater monitoring wells, MW1 and MW2.
MW1 and MW2 were completed to 145 and 40 feet BGS, respectively. The monitoring wells
were constructed using flush-joint, 4-inch diameter schedule 40 blank PVC riser pipe and
machine slotted schedule 40 PVC well screen with 0.010-inch slots. Three (3) of the soil
borings were converted to piezometers, P1, P2, and P3. P1, P2, and P3 were completed to 150,

160, and 40 feet BGS, respectively. Additionally, piezometers P4 and P35 were completed on

SITECHR.16B -6-
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December 21 through 23, 1993 to a depth of 46 feet BGS and 50 feet BGS, respectively. The
piezometers were constructed using flush-joint, 2-inch diameter schedule 40 blank PVC riser
pipe and machine slotted schedule 40 PYC well screen with 0.010-inch slots. The well screens

were placed in each of the borings to intersect the water table and to allow for potential

fluctuations in the groundwater table.

The annulus between the well screen and borehole wall was filled with a uniformly graded
20/40 sand filter pack, extending one foot above the top of the screen. In addition, one (1)
foot of fine sand was placed above the filter pack as required by LDEQ/LDOTD regulations.
A one foot bentonite pellet seal was placed above the fine sand filter pack and hydrated 12
hours to seal the annulus and prevent surface water from entering the well through the annular
space. The remaining annular space was grouted to the surface witha cement-bentonite grout.
Threaded caps were placed on the bottom of each well and locking caps were attached to the
top. Protective steel casings, with locking caps, were placed over the well riser pipe. The
protective casings were set approximately two (2) feet below ground level and cemented in
place. The ground surface around the wells were covered by a 3’ X 4" thick concrete slab to
protect the well casing. Furthermore, the well cas.ings were protected by installing four 4-foot

long, 3-inch diameter concrete filled steel posts on each corner of each concrete pad.

The monitoring wells and piezometers were developed following installation, in order to

provide development to the sand pack. Each well was developed by removing at least six

SITECHR.168 -7-
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. calculated well volumes using a submersible pump. Well development was continued until a
chemically stable groundwater was obtained. The development procedures were performed
to remove any sediments introduced during well construction and to assure response of the

wells to local groundwater conditions.

All downhole drilling, sampling, and associated equipment were cleaned and decontaminated
by the following procedures:
1. Cleaned with tap water and laboratory grade, phosphate-free
detergent, using a brush, if necessary, to remove particulate
matter and surface films. Steam cleaning was utilized to remove
material that was difficult to remove with the brush. Hollow-
. stem augers were cleaned on the inside and outside. The steam
cleaner was capable of generating a pressure of at least 2500 PSI

and producing steam at 200°F plus.

)

Rinsed thoroughly with tap water.
3. Rinsed thoroughly with deionized water.

4, Alr dried.

A cleaning and decontamination area was designated on site, downgradient and downwind

from the clean equipment drying and storage area.

. SITECHR.16B -8-
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. 2,1.2.3 Groundwater Sampling

All monitoring wells and piezometers were allowed to stabilize before purging and sampling.
Water levels in each well/piezometer were measured with the use of an electric water level
meter. The volume of water in each well/piezometer was then calculated using the following
formula:

V = (T.D.-W.L)x0.163

V = volume of water in the well (gals.)

T.D. = total depth of the well (ft)

W.L. = depth to the water table (ft)

0.163 = gallons of water in one foot section of two

inch diameter section (gals./f1.)

At least three (3) volumes of water were purged from each well/piezometer. The
wells/piezometers were purged and sampled utilizing a submersible pump and plastic tubing
(hose). All pump equipment was decontaminated before purging of each well/piezometer by
the following steps:

1. Pumped asufficientamount of Alconox solution through the hose

to flush out any residual purge water.

[

Scrubbed, using a brush, the exterior of the contaminated hose

and pump with hot Alconox solution. Rinsed the soap from the

. SITECHR.16B -9-
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outside of the hose with potable water. Rinsed the hose with

deionized water and recoiled onto the spool.

_b.l

Pumped a sufficient amount of potable water through the hose to

flush out Alconox solution.

4. Pumped a sufficient amount of deionized water through the hose
to flush out the potable water,

5. Rinsed the outside of the pump housing and hose with deionized
water (approximately 1/4 gallon).

6. Placed equipment in a polyethylene bag or wrapped with

polyethylene film to prevent contamination during storage or

transit.

Indicator field parameters measured during well/piezometer sampling included specific
conductance, temperature, and pH. These indicator parameters were measured before and'
during purging until three (3) consecutive stable measurements were recorded (temperature,
specific conductance, and pH to within * 109%). If the indicator parameters had not stabilized
after three (3) volumes had been removed, the well/piezometer was sampled. If the
well/piezometer was pumped dry before the above requirements were met, then the sample
was collected upon recovery. Temperature, specific conductance, and pH was measured, in
the field, for each groundwater sample utilizing a Hydac Digital Conductance, Temperature,

and pH Tester. All measuring devices were decontaminated prior to use at another well by
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rinsing with deionized water. Also, the measuring devices were flushed with the sample at the

next location before taking measurements.

All groundwater samples were placed in specially prepared pre-designated decontaminated
glass containers provided by the laboratory. Each sample was preserved by cooling to
approximately 4 degrees centigrade for transportation to the laboratory. EPA SW-846
guidance sampling protocol, including chain-of-custody procedures, were followed to insure
sample integrity. All sample containers were labeled accordingly with the following
information: project number, sample station number, date and time of sample collection,
designation of the sample as a grab or composite, type of sample with a brief description of
sampling location, signature(s) of the sampler(s), whether the sample is preserved or
unpreserved, the general types of analyses to be conducted, any relevant comments (such as
readily detectable or identifiable odor, color, etc.). Groundwater samples were analyzed for
the parameters stipulated in the Environmental Assessment Work Plan. A summary of

groundwater analytical results is contained in Table 2-1.

All non-dedicated sampling equipment was decontaminated before each use utilizing the

following steps:
1. Cleaned with tap water and laboratory detergent using a brush if
necessary to remove particulate matter and surface films.

2. Rinsed thoroughly with tap water.
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3. Rinsed thoroughly with deionized water.
4, Rinsed thoroughly with organic-free water and allowed to air dry
as long as possible.

5. Wrapped with aluminum foil, before storage or transportation.

All liquid investigation derived waste (IDW) (i.e., purged water from monitoring wells,
cleaning fluids, and washwater) was drummed and stored on site. All drill cuttings/soil boring
cuttings were drummed and stored on site. Because piezometers P1 and P2 would interfere
with site construction activities, they were plugged and abandoned according to
LDEQ/LDOTD guidelines after the groundwater sampling and geophysical logging were

completed.

2.1.2.4 Geophysical Logging and Seismic Studies
On July 20-23, 1993, SDII, Inc. performed geophysical well logging and seismic studies at the
site. SDIT logged five (5) of the completed wells/piezometers using induction and gamma ray
methods (Appendix E). SDII also constructed five shallow seismic lines (less than 400 feet)
across the site. Appendix F contains the SDII final report which outlines the methodology and

results of the seismic study.
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2.1.3 ANALYTICAL TESTING

2.1.3.1 Chemical
Soil and groundwater samples taken from soil borings, monitor wells, and piezometers were
preserved on ice and submitted to SPL Laboratories for analyses of volatile organic
compounds, semi-volatile organic compounds, RCRA metals, HPLC (explosive related
compounds), and organic carbon. The laboratory analytical results are summarized in Tables

2-1and 2-2. Laboratory quality control documentation is included in Appendix G.

2.1.3.2 Geotechnical
Soil samples for geotechnical analyses of Atterberg limits, percent moisture, and permeability
were submitted to Geotechnical Testing Laboratory, Inc. (Appendix C). Soil samples for sieve

analyses were submitted to Gore Engineering, Inc. (Appendix D).

2.1.4 OBSERVATIONS AND ANALYTICAL RESULTS
2.1.4.1 Soil Borings, Monitor Wells, ahd Piezometers
Al soil borings indicate that an extremely variable subsurface stratigraphy exists beneath the

site (Appendix A).

Monitor wells and piezometers encountered a minimum of two (2) distinct water bearing zones
beneath the site. Moreover, it appears that the confining (clay) layers are highly fractured.

MW2, P3, P4 and PS5 were installed in the upper (surficial) aquifer; while MW1, P1, and P2
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were installed in the lower aquifer. Depth to groundwater was measured in MW1, P1, and P2
inJuly, 1993. Depth to groundwater was measured in MW2, P3, P4, and P5 in December 1993.
The location and elevation of the ground surface for each well/piezometer were surveyed in
order to convért the measured depth to water to an elevation of groundwater. Potentiometric
surface maps were constructed from the groundwater elevation data in order to evaluate the
groundwater flow direction and the hydraulic gradient of both the upper (Figure 2-1) and
lower (Figure 2-2) aquifers. According to the collected potentiometric data, groundwater in
the upper aquifer was determined to be flowing in a south-southeast direction, with a hydraulic
gradient of 0.6 feet/130 feet (0.0046 ft/ft). Groundwater in the lower aquifer was determined

to be flowing in a southeast direction, with a hydraulic gradient of 4.06 feet/622 feet (0.0065

£t/ft).

The geophysical logs of the monitor wells and piezometers are similar to the interpretation of

the physical logs and provide valuable information in correlating the site's complex subsurface

stratigraphy between boring locations.

2.1.4.2 Seismic Lines

SDII's five (5) seismic lines (100-500) provide additional evidence of the existence of a
complex subsurface stratigraphy beneath the site. The seismic report (Appendix F) notes that

two (2), and possibly three (3), of the seismic lines show a potential fault bisecting the site in

an east-to-west direction.
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2.1.4.3 Laboratory Analyses
Chemical analyses of groundwater samples taken from the site show that low levels (6.0 ug/ml)
of Diethylphthalate (possibly relating to sample tubing composition) were found in water
samples P1-W1 and P2-W2. Low levels (22 - 140 ug/L) of Phenol of unknown origin were
found in all groundwater samples. Phenol is a common industrial chemical used in resins,
plastics, and adhesives. Phenol is also found as a natural component of animal tissue. Phenol,
if released into the environment, biodegrades at a rapid rate (days). Since the LES operations
area is virgin (unimproved) land, it is possible the phenol concentrations detected in the
groundwater samples may be naturally occurring. Itis also possible the phenol concentrations
detected in the groundwater samples may have been emitted from drilling and/or sampling

equipment. Groundwater analytical results are tabulated in Table 2-1.

Analytical results for the soil samples exhibited levels well below regulatory limits for all

parameters tested. Soil sample results are tabulated in Table 2-2.

Geotechnical analyses of clay samples taken from the site indicate that subsurface clay layers
have very low permeabilities in the range of 10 to 107 cm/sec. Sieve analyses of water
bearing sands (aquifers) encountered at the site indicate the sands are of medium grain size

and well sorted.
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. 2.1.5 CONCLUSIONS AND INTERPRETATIONS
The following section contains VG's observations (O) and subsequent interpretations (1) of
data compiled during field activities completed at the site. Interpretations were derived from
the evaluation of boring logs and seismic data obtained during field operations and subsequent

construction of six (6) cross sections (Appendix H) and one fence diagram (Appendix I).
The six (6) cross sections and one (1) fence diagram are discussed fully in the following format:

0. First, an observation of the data revealed by the referenced cross section or fence

diagram will be stated.

L. Next, aspecificstratigraphic and sedimentological interpretation will be made fromthe
. observation.

2.1.5.1 Cross Sections
Cross Section P1 to MW1

0. In cross section P1-MW 1 the upper sandstone decreases in thickness from west to east.
I. This is most likely due to original topography and sedimentary processes during the

unit's original deposition.

O.  The upper aquifer is not present in MW1 and the lower aquifer is much thicker in

MWI1 and thinner in P1.
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L The upper aquifer sand unit is discontinuous; it pinches out before reaching MW1 and
is likely to be a channel sand typical of meandering stream deposits. This is shown by
the cross section's correlations (Appendix H) and results of the seismic survey through

this section (Appendix F).

0. The lower confining clay is present below the lower aquifer in MW1 and P1.

L The lower confining clay may be continuous across the site.

Cross Section MW1 to MW2

0. In this cross section the sandstone unit is continuous across the site, although it varies

in thickness.
L The thickness variation in this unit is most likely due to original topography and

sedimentary processes during the unit's original deposition.
O.  The upper aquifer varies in thickness from SB1to MW2 and is absent in P3 and MW1.
L This upper aquifer is not continuous; it pinches out between SB1 and P3 and is
probably a channel sand typical of a meandering stream environment. This can be seen

in the cross section (Appendix H) and the seismic line 300 (Appendix F).

0. The lower confining clay laver is not encountered in P3, SB1, and MW?2,
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The lower confining clay laver is not encountered because of the shallower depth of

completion of P3, SB1, and MW2,

Cross Section P1 to P2

In this cross section the sandstone unit is continuous across the site, although it varies
in thickness.

The thickness variation in this unit is most likely due to original topography and

sedimentary processes during the unit's original deposition.

The upper aquifer pinches out between P1 and P2 and is absent in P2.
This upper aquifer is not continuous; it pinches out between P1 and P2 and is probably
a channel sand typical of a meandering stream environment. This can be seen in the

cross section (Appendix H) and the seismic line 400 (Appendix F).

The lower aquifer decreases in thickness from P1 to P2.
The decrease in thickness of the lower aquifer from Pl to P2 is probably due to

sedimentary processes during the unit's deposition.

The lower confining clay layer is present below the lower aquifer in P1 and P2.

The lower confining clay layer may be continuous across the site.
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Cross Section P2 to MW2
The upper sandstone unit thins from P2 to MW2,
The thickness variation in this unit is most likely due to original topography and

sedimentary processes during the unit's original deposition.

The upper aquifer pinches out between P2 and MW2.
This upper aquifer is not continuous; it pinches out between P2 and MW2 and is
probably a channel sand typical of a meandering stream environment. This can be seen

in the cross section (Appendix H) and the seismic line 100 (Appendix F).

The existence of the lower aquifer and lower confining clay is not confirmed at MW?2.
MW?2 did not confirm the existence of the lower aquifer or lower confining clay due to

its shallow depth of completion.

Cross Section Pl to SB1

The upper sandstone laver keeps the same relative thickness between these two
locations.

The thickness of the unit is probably due to sedimentary processes during the unit's

original deposition.
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The upper aquifer is slightly thicker at SB1 than at P1.

Since the upper aquifer is not continuous across the site and is probably a channel sand,
it is reasonable to assume that sand thickness is related to the location where the boring
intersected the channel (i.e., thicker sand would occur in the center of the channel).
If this is the case, the sand body encountered by this boring could be the center of one

of the discontinuous channel sands that underlie the site.

The existence of the lower confining clay is not confirmed in SB1.
SB1 did not confirm the existence of the lower confining clay due to its shallow depth

of completion.

Cross Section P1 to MW2
The upper sandstone is slightly thicker at MW?2 than at P1.
The thickness variation between P1 and MW2 is probably due to sedimentary processes

during the unit's original deposition.
The upper aquifer is slightly thicker at MW2 than at P1.
The upper aquifer is not continuous across the site, and thicker sands may indicate

proximity to the center of the paleochannel (pre-depositional stream channel).

The existence of the lower aquifer is not confirmed in MW2,

. SITECHR.16B -22-
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MW?2 did not confirm the existence of the lower aquifer due to its shallow depth of

completion.

The existence of the lower confining clay is not confirmed in MW2.
MW2 did not confirm the existence of the lower confining clay due to its shallow depth

of completion.

2.1.5.2 Fence Diagram (Appendix I)
The upper sandstone unit appears in all soil borings.
The sandstone unit appears continuous across the site. Because of the lack of obvious

fluvial related features, the unit was probably deposited through wind deposition.

The upper sandstone varies in thickness across the site.
Because this unit probably resulted from the wind deposition of volcanic tuffs (easily
erodible), the variation in thickness is probably due to post-depositional erosion prior

to burial and lithification.

The sandstone unit is made up of one or possibly two discrete layers.
These unit(s) were probably deposited during the course of a number of ash fall events
and were later reworked and redeposited, creating the variations in bed number and

thickness.
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O. The upper aquifer is not continuous across the site.
L. The upper aquifer appears to be a channel sand that extends northwest to southeast

beneath the site.

O. The lower aquifer and the lower clay layer may be continuous beneath the site.
L. The hypothesis that the lower aquifer and lower clay layer may be continuous across

the site is tentatively supported by the seismic study data.

2.2 SCREENING ASSESSMENT

The models chosen to estimate the potential impact to ground water quality at an assumed
downgradient receptor point were the Organic Leaching Model (OLM) and the Vertical and
Horizontal Leaching Model (VHS). These models were produced for the United States
Environmental Protection Agency (EPA) to simulate the leaching characteristics of organic
and inorganic constituents that potentially could be found in landfills or hazardous material.
The OLM can be used to estimate the organic leachate concentrations at the point the
leachate reaches ground water. The model assumes no attenuation or degradation of the
organic constituents being modeled as they travel through the unsaturated zone. The results
from the OLM are used as input to the VHS model. For the inorganic portion of a leachate
(i.e. input for the VHS model) it is assumed that metals will remain dissolved throughout the
infiltration process and the concentration of metals in the leachate will be approximately the

same as in the original waste stream.
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Dilution and dispersion of the leachate once it reaches the water table can be modeled to a
downgfadient compliance point using the VHS model. The analytical solute transport model
and be used to predict maximum concentration of a pollutant at a prescribed distance
downstream of a constant source. For organic leachate constituents the results of the OLM are
used as input for the VHS model. For the inorganic parameters the original concentrations of
metals are used. The VHS model is very conservative in that it assumes no volatilization and
no attenuation on the geologic material of any of the constituents. Originally designed to be
used t(-) determine RCRA delisting status, the OLM and VHS models are referenced in the
Federal Register at 40 CFR Part 260, Vol. 51, p.41082/November 13, 1986 and 40 CFR Part
261, Vol.50,No.229/November 27, 1985, respectively. Included in Appendix J is a copy of the

original VHS model published by Domenico and Palciauskas in Ground Water, Volume 20,

No.3, pp.301-311, 1982, and the results from a model verification performed by the
International Ground Water Modeling Center at the Colorado School of Mines, Institute for

Ground-Water Research and Education, Golden, Colorado.

The storage, preparation, and treatment areas of the facility have secondary containment to
preclude dispersal via runoff of precipitation. The thermal treatment area is the worse-case
management area in terms of the potential for wastes or contaminants to escape the
management units. Each treatment unit contains a concrete containment area surrounded by
a larger concrete pad. A 'worse case' scenario was estimated for two possible events; an

instantaneous and complete breach of a burner pad allowing for the direct release of target
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contaminants to the unsaturated zone and then potential percolation to the saturated zone;
and the complete leaching of the most concentrated atmospheric deposition of targeted
compounds (estimated from air quality modeling) from the surface soil surrounding the
concrete pads. A point (the fence line surrounding the facility) 695 feet downgradient, based
on the shallow aquifer potentiometric surface configuration, of the edge of the burner pad was

chosen as the most conservative potential receptor point.

2.2.1 SCENARIOI - PAD BREACH
To simulate a breach in the concrete pad beneath a burner unit it was assumed that targeted
compounds were released through a diagonal break 22.63 feet long, .25 feet wide and one foot
deep. A breach of these dimensions would contain 5.65 cubic feet of waste material. For input

into the EPA modified VHS the following parameters were used:

Contaminant For organic constituents the output from the OLM (Table 2-3)
concentration was used. For the inorganic constituents, the concentration as
determined from previously completed analytical work was used.

Width of a single 0.25 feet, i.e. the width of the breach.
disposal trench

Transverse dispersivity 6.56168 feet - prescribed by the USEPA.

Distance to receptor 695 feet - from the nearest edge of the pad to the fence line
(receptor point) in a downgradient direction.

Waste volume 5.65 cubic feet - 22.63 feet x .25 feet x 1.0 feet.
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Cross-sectional area of 22.63 feet.
disposal site normal to
ground water flow direction

The results of the modeling for the various constituents are shown in Table 2-4.

2.2.2 SCENARIOII - SURFACE DEPOSITION
The same model inputs were used for simulating the leaching of contaminants from surficial
soils with the exception of the contaminant concentration values, waste volumes, and simulated
trench lengths. Predicted values from air quality modeling (Section V) for deposition of
selected compounds on soils surrounding the burner pads were used for calculating model
inputs. As before, a worse case scenario was assumed by using maximum predicted values and

completely soluble target compounds.

To calculate assumed concentrations in leachate it was assumed that 50 inches of precipitation
are available annually to dissolve the compounds modeled in the soils. It is further assumed
that the compounds in the soil are completely dissolved in the precipitation and there is no
attenuation. If the calculated concentrations were greater than the published solubility data
for the metal in question, then the solubility value was used as model input. If the calculated
value was less than the published solubility value, then the calculated value was used because
it represented all of the metal that was available for leaching. For input into the EPA

modified VHS the following parameters were used:

Contaminant A calculated value for each compound based on assumed
concentration precipitation and air modeling deposition values.
Width of a single 4.64 feet, i.e. the diagonal length of a square meter.

disposal trench

Transverse dispersivity 6.56168 feet - prescribed by the USEPA.
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Distance to receptor 695 feet - from the nearest edge of the pad to the fence (receptor
point) in a downgradient direction.
Waste volume A calculated value for each compound based on annual

deposition and compound density.

Cross-sectional area of 4.64 feet.
disposal site normal to
ground water flow direction

The results of the modeling for the various constituents are shown in Table 2-5.

2.2.3 INTERPRETATION OF RESULTS
The predicted concentrations of target compounds in ground water at the receptor point for
both scenarios were compared to either drinking water standards (MCLs, SMCLs, or Action
Levels - benzene, ethylbenzene, toluene, xylene, aluminum, antimony, barium, berytlium,
chromium, copper, lead, mercury, nickel, selenium, and zinc) or if no drinking water standard
was available, a health based exposure value such as a No Observed Adverse Effect Level
(NOAEL -nitrobenzene, dinitrobenzene, trinitrobenzene, trinitrotoluene, methyl ethylketone,
acetone), oral reference dose, or Health Advisory (HA - RDX, HMX, dinitrotoluene). The
values were obtained through TOXNET, the EPA computerized data base. No water solubility
data was available for the compound HMX, but the amount of HMX in the waste (3.45
mg/kg) is less than the Health Advisory (5.0 mg/l). No data was available on the potential
health effects of Tetryl, but based on the OLM and VHS modeling the predicted concentration
at the compliance point is zero. In no instance did the model predict an violation of a
standard. Based on the results from EPA sanctioned models, there will be no adverse impact

on ground water quality at the downgradient receptor point from operations at the facility.
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FIGURE 1-1
SITE PLAN



FIGURE 1-2
USGS TOPOGRAPHIC MAP
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TABLE 2-1

SUMMARY OF WATER SAMPLE ANALYTICAL RESULTS



TABLE 2-1

SUMMARY OF WATER SAMPLE ANALYTICAL RESULTS

GROUNDVATER P1-¥1 P2-1 w1-w MW2-1 P3-u1 Trip Blank PaL |
7/19/93 7/19/93 7/19/93 7/19/93 7/21/93 7/23/93

VOLATILE ORGAMICS - ug/L
Acetone ND ND ND ND ND ND 10
Berzene RD ND ND ND ND ND 5
Bromodichlaromethane ND HD ND ND ND ND 5
Bremoforn ND ND ND ND ND ND 5
Bromomethane ND ND ND ND ND ND 10
2-Butanane ND ND KND ND ND ND 20
Carbon Disulfide ND ND ND ND ND ND 5
Carbon Tetrachloride ND ND ND ND ND ND 5
Chlorobenzene ND ND ND ND ND ND 5 |
Chloroethane ND ND ND ND ND ND 10
2-Chloroethylvinylether ND ND ND ND ND ND 10
chloroform ND ND ND ND ND ND 5
Chloromethane ND ND ND ND ND ND 10 !
Dibromachloromethane ND ND ND ND ND ND 5 |
1,1-Dichlaroethane ND ND ND ND ND ND 5 |
1,1-bichlorocethene ND ND ND ND ND ND 5 0
1,2-0ichloroethane ND ND ND ND ND ND 5
total-1,2-Dichloroethene ND ND ND ND ND ND 5
1,2-Dichleoropropane ND ND ND ND ND ND 5
cis-1,3-bichloroprcpene HD ND ND ND ND ND 5
trans-1,3-Dichloropropene ND ND ND ND ND ND 5
Ethylbenzene ND ND ND ND ND ND 5
2-Hexarone ND ND ND ND ND ND 10
Hethylene Chloride ND ND ND ND ND ND 5 |
4-Methyl-2~-Pentanone ND ND ND ND ND ND 10 i
Styrene ND ND ND ND ND ND 5 |
1,1,2,2-Tetrachloroethane ND ND NO ND ND ND 5
Tetrachloroethene ND ND ND ND ND ND 3
Toluene ND ND ND ND ND ND 5 |
1,1,1-Trichloroethare ND ND ND ND ND ND 5 |
1,1,2-Trichloroethane ND ND ND ND ND ND 5 |
Trichlorcethene ND ND ND ND ND ND 5
Tricnloroflucromethane ND ND ND ND ND ND 5
Vinyl Acetate ND ND ND ND ND ND 10
Vinyl Chloride ND ND ND ND ND ND 10
Xyleres {total) ND ND ND NO ND ND 5 |




TABLE 2-1
SUMMARY OF WATER SAMPLE ANALYTICAL RESULTS

GROUNDWATER P1-w1 P2-W1 R W2-¥1 P3-w1 Trip Blank L |
7/19/93 7/19/93 7/19/93 7/19/93 7/21/93 7/23/93 |
SEMIVOLATILE ORGANICS - ug/L i
Acenaphthere ND ND ND ND ND 5
Acenaphthylene ND ND ND ND ND 5
Aniline ND ND ND ND ND 5 |
Anthracene ND ND ND ND ND 5 |
Benzo (a) Anthracene ND ND ND ND ND 5 |
Benzo (b) Fluoranthene ND ND ND ND NP 5
Benzo {k) Fluoranthene ND ND ND NG ND 5
Benzo {a} Pyrene ND ND ND ND ND 5
Benzoic Acid ND ND ND ND ND 25
Benzo (g,h,i) Perylene KD NO ND ND NO 5
Benzyl alcohol ND ND ND ND ND 5 |
4-Bromopheny Lpheny ether ND ND ND ND ND 5 I
Butylbenzylphthalate ND ND ND ND ND 5
di-n-Butyl phthalate ND ND ND ND ND 5 |
Carbazole ND ND ND ND ND ] .
4-Chlorganilire ND ND ND ND ND 5
bis (2-Chlarcezhoxy) Methane ND ND ND ND ND 5
bis (2-Chloroeshyl) Ether ND ND ND ND ND 5
4-Chloro-3-Hethylphenol ND ND ND ND ND 5
2-Chloronachthalene ND ND ND ND ND 5
2-Chlorophenal ND ND ND ND ND 5
4L-Chloropheny lghenyl ether ND ND ND N5 ND 5
Chrysene ND KD ND N2 N 5
pibenz (a,h) Anthracene ND ND ND N2 ND 5 &
Dibenzofuran ND ND ND ND ND 5 i
1,2-Dichlorcbenzene ND ND ND ND ND 5 |
1,%-Dichlorobenzene ND ND ND ND ND 5
1,4-Dichlorobenzene ND ND ND ND ND 5
3,3'-Dichlorobenzidine ND ND ND ND ND 5
2,4-bichioropherol ND ND ND ND ND 5
Diethylphthalate 6 6 ND ND ND 5
2,4-Dimethylphenol ND ND ND ND NO 5
Dimechyl Phthaiate ND NO ND ND ND 5
4,6-Dinitro-2-Methylphenal ND NO ND ND NB 25
2,4-Dinitrophenol ND ND ND ND ND 25
2,4-Dinizrotoluere ND ND ND ND ND 5
2,6=dinitrotoluere ND ND ND ND ND 5
1,2-diphenylhydrazine ND ND ND ND ND 5 |
bis (2-&zhylhexyl) Phthalate ND ND ND ND ND 5
Fluoranthere ND ND ND ND ND 5
Fluor=ne ND ND ND NC ND 3
Hexachiorobenz=ne ND ND ND ND ND 5




TABLE 2-1

SUMMARY QF WATER SAMPLE ANALYTICAL RESULTS

GROUNDVATER P1-v1 P2-w1 w11 m2-v1 P3-w1 Trip Blank PaL |
7/19/93 /19793 7/19/935 7/19/93 T/21/93 7123793

SEMIVOLATILE OQRGANICS - ug/L
(continued)
Hexachlorobutadiene ND ND ND ND ND S
Hexachloroethane ND ND ND ND ND 5 I
Hexachlorocyclopentadiene ND ND ND ND ND 5
Indene (1,2,3-cd) Pyrene ND ND ND ND ND 5
Isophorone ND ND ND ND ND 5 |
2-Methylnaphthalene ND ND ND ND ND 5
2-Methylpherol ND ND ND ND ND 5
4-Methy Lphenol ND ND ND ND ND 5
Naphthalene ND ND ND ND ND 5
2-Nitroaniline ND ND ND ND ND 25
3I-Nitroaniline ND ND ND ND ND 25 |
4-Nitroaniline ND ND ND ND ND 25 |
Niirobenzene ND ND ND ND ND 5
2-Kitrophenol ND ND ND ND ND 5
4-Nitrophenol ND ND ND ND ND 25 |
N-Nitrosodiphenylamine (1) ND ND ND ND ND 5 i
N-Nitroso-Di-n-Propylamine ND ND ND ND ND 5 |
Di-n-Octyl Phthalate ND ND ND ND ND !
Pertachlorophenol ND ND ND ND ND 25 |
Phenanthrene ND ND ND ND ND i
Phenol 120 65 22 84 140 15 |
Pyrere ND ND ND ND ND
Pyridine ND ND ND ND ND 5
1,2.4=Trichlorobenzene ND ND ND ND ND 5 f
2,4,5-Trichlorophenol ND ND ND ND ND 10
2,4,6-Trichlorophenol ND ND ND ND ND S :




TABLE 2-1

SUMMARY OF WATER SAMPLE ANALYTICAL RESULTS

GROUNDVATER P1-91 P2-wi i [ 2w P3-11 | TripBlank | PaL
7/19/93 7/19/93 7/19/93 7/19/93 7/21/93 7/23/93

METALS - mg/L

Total Aluminum 0.2 2.1 2.7 0.3 32.4 0.1
Total Arsenic ND ND ND ND ND 0.01
Total Barium 0.035 0.32 0.073 0.012 0.089 0
Total Beryliium ND ND ND ND ND a
Total Cadmium ND ND ND ND ND 0.02
Total Chromium ND 0.02 ND ND 0.06 0.02
Total Copper ND 0.01 ND ND 0.03 0.0
Total Nickel ND ND ND ND ND 0.07
Total Lead ND ND ND ND ND 0.2
Total Antimony ND ND ND HD ND 0.2
Total Selenium ND ND ND ND ND 0
Total Zinc ND 0.07 ND 0.09 0.29 0.02




TABLE 2-1

SUMMARY OF WATER SAMPLE AMALYTICAL RESULTS

GROUNDWATER P11 P2-w1 w141 21 P3-w1 | Trip Blank | PpaL
7/19/93 7/19/93 7/19/93 7/19/93 7/21/93 7/23/93

HPLC - ug/L

HHX ND ND ND ND ND 13.00
RDX ND ND ND ND ND 14.00
1,3,5-Trinitrobenzene ND ND ND ND ND 7.30
1,3-Dinitrabenzane ND ND ND ND ND 4.00
Tetryl ND ND ND ND ND 44.00
Nitrobenzene ND ND ND ND ND 10.00
2,4,6=Trinitrotoluene ND ND ND ND ND 7.00
2,4-Dinitrotoluene ND ND ND KD ND 6.00
2,6-Dinitroltoluene ND ND ND ND ND $.40
o-Nitrotoluene ND ND ND ND ND 12.00
m-Nitrotoluene ND ND ND ND ND 8.00
p-Nitrotoluene ND ND ND ND ND 8.50
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200 W. PLAQUEMINE STREET CHUREH TOINT, LOUISIANA 70525 318-634-3130
e y phokuRe
COMTRACTOR: LATOLAN ENVIRGNMENTAL SERVICES REPORF DATE:  NOVENBER 17, 1993
LOCATIION: COLFAX LA CATE RECEIVER: 11/3/92 0 10140 AN
_ IRENTIFICATIGK: SGLID SANPLE M ' ) DATE COMPLETE: 11717792 4 8:00 AN
L ¢ 34383 PAGE 1 OF 2

| OULITY ASSURMKCE/LALITY CONTRML # 34363

1341 11/8 8 2:45 P 28
3820 A0 (S
8260 11711 8 7:53 60 (8
8270 1179 4 9:29 o0 €
TOXICTTY CHARACTERISTIC LEACHATE PROCEDURE CFR Z61.24 APPENDIX i1 - SWBA6 KETHOD 1311 - NOVENBER 24, 1992 EDITION
BASTE SN 844 BETECTION E24  JlAMGC - BRATRIY
(ODE METHOD CASE ¢ PARANETER RESULTS  LIXIT  UNITS LIFIT  UNITS)IRECOVERY SPIKE  UNITS
.................................................................... A
HEAVY HETALS i
D4 7081 7440-28-2 ARSENIC %,001 0.001 X6/L DML 1T 465/ 5 Ko/t
‘235 7080 7440-39-3 BARIUN 0,18 0.01 M&/L 100 M6/L 1 10,13/ 10 He/L
6 TH30 7A40-43-9 CADMUA { 0.0 0.01 N6/L 1ME/L 1 0,964 / 1 M&/L
DOG7 7190 1333-82-0 CHROMIUN 9.28 0.91 Ng/L S ML) 5.06 1 5 HG/L
DOO8 2420 7439-52-1 LEAD 9,84 0.91 ne/L SHE/L i 5.7/ 5 NG/L
DO TA7C 7439-97-6 NERCURY ¢.001  0.0005 AS/L Q.2 M3 11 0.194 ¢/ 0.2 M§/L
D010 J741 7782-49-2 SELENIUM 6,501 6,001 B6/L 1 XGAL L 0,933/ 1 Ms/L
D11 7760 T4d0-22-4 SILVER 148,04 0.0L Ne/L SN 1 492/ 5 RG/L
CREARICS N
D018 8260 71-43-2  BENIENE 8oL 2.40 UG/ 3.5 M6/ 1) 445 / 880 L6/
DOL9 8280 56-23-5  CARBON TETRACHLORIDE EL .80 u§/L 0.5 Mg/ ! 439 / §60 UG/L
0021 8259 108-9¢-7 CHLORGRENZENE 80L 1.70 ug/t 160 MA/L 1D L0427 140 Us/L
0022 B260 67-86-3  CHLOROFCRN _ £0L 6,20 &/ b XA ! ‘87 / 560 UG/L
0627 8270 ¥5-48-7  o-CRESOL 8L 1.50 US/L 00 ML LD 14T/ 10000 weL
pO24 8270 108-33-& 1-CRESOL h 1.90 UL 200 N6/L o1 4688 £ 10000 S/
P02 8220 196-44-3 p-CRESOL BOL 2.60 UG/L 20 ML 10047 7 10006 UG
DO 8270 (ALL)  CReSOL 11 3,00 ye/L 200 K5/L ) u 1
0027 8270 106-46-7 1 4-DIZHLOROBENZENE B0 0.32 Us/L 7.5 #6/L 1T 10123 /10000 YGAL
D28 8240 107-G6-2 1,2-D1CHLOROETHAXE . 0.24 Va/L 0.5 N5/t || i/ 509 U6/l
D029 8263 75-35-4  1,1-DICHLOROETHYLENE 8oL 5.49 UG/L 9.7 X&), 889 / 760 Us/L
BOIY 8270 121-14-2 2,4-DINTTROTOLUENE 5L 5.70 Ug/L 0.13 86/L ;1 135.1/ 139 gL
0032 8270 1i3-74-. HEXACKLOROBENIENE 2oL 1.90 ug/L 0.13 M5/L 11 1385/ 130 UG/
D33 8270 §7-63+3  NEXACKLCRGBUTADIENE £ 3.90 Ug/L N5 MeL ! 024/ 536 US/L
030 8270 47-72-1  KEXACHLORGETHANE L 1.80 UG/L I BsL/ 3300 LS/L
D035 8260 78-93-3  METHYL ETMYL KETOME B 1,60 VG/L 200 X6/ 4 3587 7/ 10400 UAAL

S§ 846 NETHOD  DATE / 1IN 7 MetYs!

SPIKE
% RECGVERY

83.0¢ %
191,30 3%
95.40 %
101.29 %
103.40 3
§7.00 %
§3.30%
58.40 %

33.00 %
97.30 %
104.20 %
37,83 1
§1.42 %
95.59 1
160.47 3
1
10£.23 %
94.29 %
5943 %
113.92 %
126.54 %
95.40 %
$3.37 %
§5.87 %
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300 W, PLAQUEMINE STREET CHURLH POINT, LOULSIANA 710525 J18-684-3130

CONTRACTOR: LATQLAW EXVIRONNENTAL SERYICES AESORT DATS:  NOVEMEER 17, 1993
LOCATITON: COLFAY LA DATE RECTIVED: 11/8/93 0 10:40 M

_ IRENTIFICATION: LD SAMSLE §1 DATE COMPLETE: §1/17/93 0 §:00 &K
LA § 34353 PAGE 2 OF 2
TOXICITY CHARMCTERISTIC LEACHATE PROCEDURE CFR 251,24 APPEMDIX 11 - S840 NETHOD 13il - NOYEMRER 24, 1992 ECITION
UASTE S¥ 816 DETECTION 4 HaARC - 4ATRIX SPLKE
CODE  METHOD cnse I PARAMETER RESULTS  LIAIT  UNITS LIMIT  UNITS!RECOVERY SPIXE  UNITS 3 RECOVERY
................................................................... o IR RS EPE

DRGANICS - CONT'D "

D036 8270 98-95-3  NITROBENIEME B0L 1,90 Jad 2N 1978 2000 V6/L 98.80 3
0437 8274 87-86-5  PENTACHLOROPHENOL 8t 3,80 Ba/L 100 NG/L 11 9755 7 10000 U&/L 97.55 %
DO¥ 827 116-86-1 PYRIDINE BoL 1,90 Us/L 5 HeAL §, 4831/ 5000 USAL 96,62 3
003% 8260 127-18-4 TETHACKLOROETHYLENE 5L 1.80 Jan R T 692 / 760 Ue/L 98.86 %
OO0 8260 T9°01-6  TRTCHUOROETNYLENE 8iL 1.60 Y&/ 0.5 MEA )1 78 / 500 Us/L 95.60 ¢
DO 4270 95-95-4  2,4,5+TRICHLOROPHENCL 8t 3.00 Y6 40 X6/L 11 9935/ 1000 UeAL 99.35 %
D042 8270 88%06-2  2,4,6-[RICHLORIPHENOL BOL 2.70 US/L 2M60 1 1988 / 2000 Y51 §9.40 %
D043 4260 75-01-4  VINYL CHUORIOE 8L 0,18 Y6 0.2 ¥6/L |y 1924/ 200 Us/L 3,20 %

. 0L = BELOW DETECTION LIMIT. HEAVY RETALS ARE REPCRTED IN ME/L. ALL GTHZRS ARE REPORTED [N Ue/L. €78 LIMITS ARE IN HG/L.
T0 CONVERT FROM UG/ TO NS/ - DIVIDE UG/L BY 1000, RESER TO THE -CRESOL, M-CAESOL, AND P-CRESOL FOR TOTAL CRESGL & HAIRIX

SPIKE RECOVERIES OF CRESGLS.

PARA!ET‘R RESULTS UNITS/EPA:LINITS DATE /TIXE /AMALYST SETHYD
REACTIVITY:T CYAMIDE 0.0! %/l 1/ 4 255 PN - (Y SEC. 7.3 1360
FLASHPOINT } o (43 ¢ V10 B 1008 Ak - (Y SY 846 010

._ P 10.19 {2 R 112 VSR BIZELN. I $i 848 5040
RECTIVITY:T SUWFIDE 0.1 LLTAS W87 M- (Y 560, 7.3 1310

S q .
| . ATTESH: _ng’éﬁ.., /%QJWD



sPIrt
URITS % RECOVERY

3.4 %
131,30 %
36,40 3
101.20 %
193.40%
97.00 %
93,39 %
W\t

5100 %
97.80 %
16429 %
57.53 %
J1.42 %
$5.83 %
0047 %
1
01,238
i4.20 %
93.43 %
133.92 %
16,841
55.20 %
94.37 %
95.37 3
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800 W, PLAQUEMINE STREET CHURCH POINT, LOUISIANA 10525 318-684-3130
CINTRACTOR: LAIELAW ENYIROMNENTAL SERVICES REPORT DATE:  NOVEMBER 17, 1593
LOCATTION: CSLFAX LA DATE AZCEIVED: 11/8/53 4 LD:40 AR
. I0ENTIFICATICN: SOLTD SANMLE €2 DATE COMPLETE! 11/17/93 4 9:€0 &M
CLAR O 3iBSt PASE 1 0F 2
QUALITY ASSURANCE /QUALTTY CORIRGL 1 34353
SW 846 METHGD  OATE / TIME / AINLYST
1311 1170 € 2:05 pw:: 8
3420 AT 6120 P (8
6260 13711 4 9:29 PHe ¢
827¢ 1179 ¢ 10140 M- C8
TCXICITY CHARACTERISTIC CEACHATE PROCEDURE CFR Z51.24 APPENDIX i - SNB46 MITHOD 13il - NOVEMBER 24, 1992 EDITION
VASTE %% 846 DETECTION £PA AN - RATRIX
\.O'DE HETHOD CASE 4 PARAMETER RESULTS  LIAIT  URITS LINIT  ONIIS)IRECOVERY SPIE
REAVY NETALS . X
0604 7041 7440-38-2 £SSENIS £.081 0.001 MG/ SAG/L 11 4.5/ L T
.uoos 7080 7440-35-7 BARIUN 0.85 0.01 A6 100 A6 1D 1043/ 10 KsA
§O0S 7130 74d0-43-9 CADNIUM { 0.01 0.01 Mg/ 1 M6/L 1 0.984 105
D307 7190 1333-32-0 CHRONIUY 6.27 0.01 46/ SAGL 1 508/ 5 451
D008 2429 7439-92-1 LEAD 0.23 0.01 X6/t S¥6A 1 801 § 45/L
009 7429 7439-97-% MERCURY 0.000  0.0008 26/ 0.2 X84 11 0194/ 0.2 ¥6:1
D10 724b 7762-49-2 SELENIUA 0.001 0.001 X6/ L%/ 09334 1 #6/L
foll 7760 J4dQ-22-4 SILVER 85,52 0.0 M6/ §oMe fl 482 5 NG/
CREANICS H
D13 2280 71-43-2  EENIENE FiL 7.0 U6l 0.5 5L ) T 580 Ve
DG19 8260 §6-23-5  CARBON TETRACMLORIDE :Hi 3.80 V&AL 0.3 261 ) 199 / 560 UG/
BO21 8260 108+90-7 (HLORORENIEAE B3 1.76 UG/L 150 MG/L |, 1342 S 149 UG/
0022 3260 67-66-3  CHLORGF ORM AL 6.26 UL 6 NG/ ! %7 / 660 UB/L
3023 8274 §B-iB-7  o-CRESHL ELI 1.50 Ua/L 09006 ) U2/ 10080 USsL
DO 5270 198-23-4 y-LRESH Bl 1.50 8L 200 46/ ) 9e88 7 10000 UL
D628 0270 104-44-5 p-CRESH 8oL 2.0y 290 R/ D L0047 7 1DC8) USAL
M2s #2725 (AL} caReseL 1 3.6 L6 NN = 1
5027 4279 104-46-7 1, 4-DICHLORDGENIENE 3oL 7,32 UG 7.5 KGAL D 10123 7 16000 UG/
0028 8260 137-05-2 1,2-DICHLORDETHAME BOL 0.24 U6Ji 8.5 6L ;! T 530 YesL
0029 8269 75-35-4  1.1-DICIRLORCETHYLENS BOL 5,40 V6L 3.7 1A ! 439 7 700 US/L
D030 8273 121-14=2 I 4-DINITROTILUENE . $.70 Us/L 336/ 1 1380 S 130 UG/L
2032 8273 118-74-1 REXXCHLCROBENZENE 5L 1.30 ug/ 9.13 46/L 1) 1385/ 130 4670
0033 8270 87-63-7  HEXACH.CROGUTAIIENE 8L 0.30 US/L 0.5 N6/ ! 75 / 500 V&L
0034 8270 67-72-1  HEAMCKLOROETHANE soL 1.60 UGsL 3 e o, 2941 ! 30 JasL
aQYS 8750 78-€3-1  METHYL EIHML KETCME 804, 560 8L 200 NG/L ) 9587 7 15000 Y8/l
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$00 W. PLACUEMINE STREET Cﬁ'ﬂ}ﬂ( PCINT, LOUISIANA 70525 J13-584-3130
COMTRACTCR: LAIDLAY ENVIPRMENTAL FfE?U[EF.S ZPORT Dalk: (OVEMBER 17, 1694

VinYL CHUORIDE

150« BELOW DETECTION LINIT,
i3 CONYERT FRO¥ UA/L TO m&SL -
HIKE RECOVERTES OF (RESOLS,

KEAYY AETALS A3E REFORTED IN A&/L.
DIVIDE US/L §Y i20C. REFER 70 THE 0-cRESOL. X-CRESOL, AND P-CRESOL FOR TOTAL CRESOL % MATRIX

LOCATIION: COLFAX LA DATE RECEZIVED: 11/8/93 & 10:4h AX
 IDENTIEICATION: SOLiD SAMPLE 82 DATE COMPLETE! (1717793 0 5:00 AN
LA ¢ 24381 EAGE 2 0F 2
TOXTCITY CHARACTERISTIC LEACHATEZ FFOCEDURE TFR 251,24 APPENDIX 17 - SWS44 NITHOD i1 - NOVENBER 24, 1392 EDITION
BASTE S 846 CETECTION EPA ehe - HATRIY
CODE WETHOD Cast PASANETER RESULTS  LIXIT  UNITS LINIT  UMITS|RECOVERY  SPIXE
............................... —mmmamm e wwwee sinemanmr meaamsmmmemm=e=l :-.--.---- [
EREANICS = CONI'D '
LAY, 8270 $9-95-0  NITROBENIENE BoL 1.3 vesL 2/ 0 1976 2000 Ys/L
be3)  B27% 47-86-%  EMTACHLGROPHENCL L 3.60 Ua/L 190 A8/ 1 9755 / 10040 ug/L
M8 8270 110-85-1 FYRIDINE BOL 1.9¢ vG/L S AL o) 4831y 5000 UB/L
0033 8260 127-18-4 TETRACHLIROETHYLENE RAL 1,80 UG/ 0.7 1e/t 1) 692 1 700 UG/L
PG B280 73-01-6  TRICHLORCETMYLENE A 1.50 UB/L 0.5 A A8/ 509 UG/L
G4 8277 3%-9%-4 7,4 S-TRICHLOROPHENSL th 3.60 LeL 00 %A 1 1935/ 10600 Vs
042 §270 BB-06-2  Z,4,6~TRICHLORIPHENOL BOL 2.70 UG/ MGy 1988 / 2900 U6/L
D4Y 8260 J5-C1-4 8, 0.13 NG/ b2 060 ) 192.4/ 200 Us/L

ALL OTHERS 4RE REPORTED [W US/L.

SPICrE

UNITS % RELOvERY

98.80 %
97.55 %
96.62 %
59.86 3
$5.60 %
99.30%
99.49 %
26.60 %

EPA LIBLTS #RE [N AG/L,

PARAKETER RESTS WI1TS/EPA LIAYTS DATE /TIHE ZAKALYST ETHSD
REACTIVITY: T (YAND)E 00 M /8 4 300 PH - T SEC. 7.3 1210
FUISHPOINT yae e f H/10 0 16140 AN - 0¥ SN 846 1210

387 2R 179 1 10:5 8 - SN 84d 946
CREACTIFITYT S IDE 601 WA VLR R RN SE¢. 7.31349
QUL \dfj@g/ L4 ’[,mj
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J00 W, ?LAQ‘UWIMEM CHURLH POINT, LOUISIANA 70525 J18-6864-3130
CCATRACTER: LAfCLAN EXVIRDNHENTAL SERYICES REMIRY DATE:  NOVEMRER 17, 1999
LC‘CATIIH_H COLFAX LA JATE KECEIVED: 11/9/%) € 13:40 AN
. IW_UTIFI;ATIG!: SOLID SARPLE 12 DATE COMPLETE: t1/07/931 0 4:09 AM

LA 1 34285 ' PAGE 1 07 2

© OUNLITY ASSURMNCE/CUALITY CONTROL 3 34383

S 846 WETHED  OATE / TIME /. MAALYST

1My 11/8 & 3:20 PR~ €Y
3520 179 € 110 F8 . C8
8280 ' 1111 0 966 PR €8
8270 1179 1155 P4
TOXICITY CHARACTERISTIC LEACHATE PROCEDURE CFR 251.24 APPENDEX I. - SW845 METHOD 1311 - WOVEMBER 24, 1392 EDITION
VASTE SW 46 DETECT 0N £pa NEARC - XATRIX SPIFE
CODE METHOD CASE PARAMETER RESULTS  LIMIT  UNITS LINIT  UNITSIRECOVERY  SPIKE UHLTS % RECAVERY
P B edPAN ALY Swrictmmmm  messm=mem assseses W eweeassemmmmatr s-—=—rsewsemEw :: .................................
BEAVY METALS o
0904 7061 T440-38-2 ARSENIS 061 0,001 He/L L HEL T 4685 < a6 93.40 %
.0005 7084 7440-39-3 BARTUM 0,16 H.0] M&/L 166 46 1 1913/ 10 Me/L 131,30 %
DOO6 7138 Fei0-13-9 CADNIUM (0,01 6.01 Me/L PAS T Q.964 S 1 164 96.40 %
DOd7 7199 1333-92-9 CHROAIM 0.32 0.61 26N 5 MG | 5,06 7 5 Ha/l 191.20 §
vO08  J41) AI¥-92-1 LEAD 0.3 0.0} NG L [V A 8.17 1 § 24/ 103,40 %
0009 7470 7429-97-% MERCURY .00 0.0005 A5/L 2.2 04 1 0.8 0.2 61 97.00 ¢
BO10 274l TTE2-49-2 SELENIUM ¢.001 0.001 MEA 1 a6 1Y 0,933/ 1 H&A 93,30 %
BOLY 7768 THL8-22-4 SILYER 262.51 0.3 M8/l SAN ! L4 5 45/1 6840 %
' OREANILS ¥
0018 8259 Ji-43-2  BENIENE gL 2.40 V6L 0.5 46/L 11 465/ 588 UG/ 93.0¢ ¢
G019 288 56-23-5  CARBGN TETRACHLORIDE Bt 3.30 UeL 3.5 %L ) 8/ 590 g/l 97.80 %
D0T!  a243 108-30-7 CHLOROBENIEME BAL 1.70 UG/L 100 MG/ 10 104 2/ 130 UsA 134,26 %
D022 8240 67-86-3  C(HLORCFORM BN §.26 UGJL baeA 537 ( 500 Ya/L 37.81 %
B&23 8272 95-48-7  o-CRESOL B5L 1.530 UG/ 0 M8/L 1P LA 4 10088 Y& .2t
5024 8279 108-33-4 p-{RESOL BOL 1.3 U6 M0 ME/L 1y 9688 7 10000 UG/L 96.88 %
0025 8273 1db-4i~5 p-CRESW 8L 2.40 Ve 00 A6/ 1 10047 7 10000 R 100.47 1
pogs 827 (ALL)  (RE3OL 1 3,96 g/l moMGL 't m 1t "
2027 927% 106-45-7 1, 4-DICHLCROBENIENE I8 0.32 V&L PG N 10122 7 10040 JEA 181,21 %
POzt 8280 1aT-08-2 1, Z2-DICHLOROETHANE 3, 0.24 UG 8.5 M6/L 1) 41/ 530 UosL 94.20 %
0023 8263 75-35-4 1,1 DICHLORGETHYLENE % $.40 VG/L 8.7 6L i) 689 / 7% UGl .43 %
BOM 8270 12i-14-2 2,4-DIRITROTGLUENE b §.0 UG/ 0.13 46/l I 1351/ 130 Ui 103.92 %
0632 8277 L18-74-1  BEXACHLOAGBENIENE 8ot LL30 UG dAI MG IS/ 130 Y644 106.54 3
0632 8270 87-58-1  AEXACHLROBVTADIENE Bt 0.99 Ve 3.5 neL 26 1 $0 UGL 95.20 3
D4 8270 87-72-1  BEXACHLOROETHARE BOL 1.99 Le IeGL 0 295/ M0 L9 98.37 %
0035 3250 79-93-3  METAYL £THYL XETGHE L 1,50 UG:L M0 MG/l L) 9587 /19000 L& 95,87 Y
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J18-684-3117

CORTRACICR!
LOCHTTIK
10EHTIZ 1CATI0K:

(A8 0 3358

SafE 2 ¢
TOXICLTY CRRRACIZXISTIC LZACRAIE PROCEDVRE 7R 251.24 APPENDIY I - SWBXE MZTHUD i3:! - ROVENBER 24, 1552 LRITICN
DETECTION £2)
PRITS LIMIT  UNED®) RECOYERY

WASTE i it
CDE  NETHCD ZASE 4

[02p 8274 93-95-2
L0371 8270 B7-88-E

6033 827% 110-8¢-5
0429 S0 127-18-4

2L I IS AL
pedl  §27¢ L-9%d
P04 427 8304
P04 8280 JS-01-d

330, = BELOW DETZCTISN LIAlT.

ey

COLFeX LA

SOLID ShapLl 3

PARARETER

CRAIHILS - CONT'D

NITROBFMIENL

PEATACPLORMFREROL

PYRIDINE

TE [oA L 0808 THYLENE
TRISKLOROETHYLERE

3,4, 5-TRICALORMPHENCL
2,4,6-TR1CALORSTHERCL

VINYL SRLORIDZ

CATLLAY ENVIRONREATEL SERVILSS

RESULYS  LIKIT

-----------------------

5L
3L
20l
i
L
E178
1
1

FEAYY NETALS MRS FEFQRTED IN YA,

REGCRT DATE:  NOVEMGER 17, 199)
DATE RECEIVED: 1148753 4 19:40 AX
JATE COMPLETE: 11712292 4 3:00 A4

o

hame -

tt
LR}
"
LN

1.9 YasL 28 !
1.60 UL 160 MesL !
1.9¢ vesL LY
1.83 Usnt 0.7 w6
1.66 Us:L 1.5 AN
3.0¢ Uos, 00 KAV
2.7 e/l 26
8.8 670 $.3860 )

ALL CTrERY ART REPORIED IN US/L,

SPILEE
UHITS % RESHVERY

98,80 %
§1,55 %
§6.62 %
38.05 %
93.68 %
5,353
§%.40 %
96.22 %

Evh LINITS ARE IN Ka/l,

10 CONYERT fROM VisL 10 ¥6/L - OINIDE UG/L 8Y 1900, REFER TC [HE 3-CRESLL, K-CRESOL, AND P-CRESOA FOR TOTAL CRESIL & KARIR
& .RE RECOVERIES JF “RESOLS.

PPRANETER

CEISCTIVITY T CUANDDE
FLASHPATHT
N

REMCTINITYST Satring

REGILTY

-------

UXETS/EPA LIRLTS

1140 f

IR

dATE STINE /ANALYST

L3138l
RYAUE BUHIN T W]
SRR IR

AN RN -3

ATTES ! . {13!0;,} ,{f;igggg;uz,,)

seC. 7.2 130
SN Bl I
59 344 9349

SEC. 7.3 13
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&oo W, PLAQUEMINE STREET

CHUREH POINT, LOUISIANA 70525

J14-584-0130

CONTRACTOR:
LOCATEION:
. IDERTIFIGATION:

LAD- # 34354

LAIDLAN ENVIROKMENTAL SERVICES

COLFAX LA
SILID SAMAE H

IR

Sy 846 NETHOD  DATE / TIME / AMALYST

1311 1/8 0350 B - g8
3520 B0 S
8260 IR R L
8270 - 1710 4 2:21 AR €5

REPORT DATE:  NCVEMBER 17, 1993
DATE RECEIVER: 11/3/93 € 10:40 AN
DATE COMPLETE: 11/12/%2 4 §:00 AM

PAGE 1 OF 2

TOXICITY CRARACTERISTIC LEACHATE PRICEDUAZ CFR 261.24 APPENOIX Il - SWS46 METEOD i3il - NOVEMBER 24, 1992 EDITION

HASTE SW 844

COPE BETHOD CASC i

masEsrmaymen ssmddbeyvw

po%s
049
o
béi

vold
019
potl
22
be2d
Do
Le2s
Pa2s
po27
o8
0029
0039
012
5433
094
D435

706l
7080
713
130
M
74
Ty
1180

8263
8280
sl
8289

e
827
g27¢

8274 -

3270
8263
8250
127
un
8N
5377
033

PARABETER

REAVY KRETALS

7440-38-2 ARSENIC
T4i0-39-3 BARIUN
7440-143-9 CADNIUN
1333-92-% CHROMILN
T439-52-. LEAD
H39-67-5 NERCURY
782-49-2 SELENTUM
TAL-27-4 STLVER

71-42-2
36-23-5
1oa-94-7
§7-45-1
25-43-7
108-24-4
136-44-5
{ALL}
196-4é-7
107-06-2
75-35-4
120-14-2
118-74-]
17-68-3
§7-12-1
73-93-3

BREANICS
BENIEME
CAREONM TETRACHLORIOS
CALOROBENIEME
{HLOROFORY
o-CRESL
1-CRESHL
p-CRESOL
{RESCL
L, 4-DICHLIROBENTENE
1.2-DICHLORCETHAME
1,1 -DICHLIRDETHYLENE
2,4-01¥1TROTOLUEKE
FEXACKHUORIBERZENE
MEXACHLORCBUTAD[EXE
HEXACHLORIETHANE
METRYL ETHYL KEYONE

RESULTS

6.0%1
15.2
{(9.41
v.28
3l
0.001
9.0¢1
t.63

BOL
L
BOL
5oL
ol
&l
LN
1
8oL
8tL
Bil
Bl
BoL
o
85l
BEL

$p1

---------

13.00%
191.30 %
36.40 %
101.20 %
193.40 %
§7.00 %
33,308
8.0 %

.40
37.80
(4,22
37.9)
1.2
05,84
190,47
tr
191.,2)
9,0
§3.43
133,92
144 .54
95.20 %
93.37 %
15,87 %

s M e P sl W

M oap 2 pr a0

BETECTION 24 HOAEC - NATRIX Kt
LINIT  UKITS LIMIT UHIISEERECOVERY SPIXE  LHITS % HECOVERY
|
0.001 N6/t S KE/L | .85/ 5 M/t
0.01 Kg/L 100 k6L 11 1913/ 10 26/t
0.01 G/ 1 ES/L )0 B.964 / 1 Ks/
0.61 Ka/L SMG/L 1 5.08 7/ 5 #6/L
0.61 X6/ S L LT/ 5 M/
3.0048 aa/L 02X N 0194/ 0.2 K6/
0.061 MG/ 1AL 1 0923/ 1 A
0.61 NG/ § MG/ T 492/ 5 K&/l
Eil
2,40 U6 £.5 M 445 / 500 UG/
3.80 UG/ 6.5 M6/ 0 89 / 504 6/
1.70 Ut/ 0 WL 1042 7 150 54
b.20 UG/ LT 587 / £60 Ua/L
1.9 usn 260 N6/L YL QL2 4 10000 L8/
1.90 06,1 20 M/ 1) 5688 7 10000 UGN
2.60 va/L 700 KESL LD 10047 4 13060 U6/
1.50 Y4/ 260 Xs/L ) nt 1

¢.32 ua/L 79080 0 10123 19000 var
3.24 YGA 0,5 A5/ 11 a7y 500 Yan.
5,40 VG/L 0.7 %8 589 / 700 Ug/s
8,70 15/ 43864 0 135 130 U&/L
1.99 J6/L AT a6 0 1185/ 13 18/
0.9 IS 0.5 ¥/ 1 7%/ ¢ L&/
1.40 U6/ INGS N 98 Y len T
1,60 JAA 230 MeL LD 9587 5 10060 Us/.
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P
200 W. PLAQUEMINE STREET cmzm:a{ PGINT, LOUISIANA 10525 18-6443130

CONTRACTOR: LAIDL AY EXVIRONNENTAL SERVICES RIPORT JATE:  NOVEMBER 17, 1693
LOCATIION: COLF4X LA ) IATE RESEIVED: 1178793 4 12340 AX
IBPNTIFIATION: SALID SAMMLE M SATE COMPLETE: !1/17/93 ¢ 8:00 MH
LM § U3SH PAGE 2 OF 2
TOXICITY CHARACTERISTIC _CACHATE PROCEOURE CFR 251.24 APPENDIY [} - SWB4S METHID 1311 - KOVEMBER 24, 1992 ECITICK
RASTE S 9is bETECTION EFA NQAMC -~ MATRIX SPIKE
CODE METHOD CASE § ;mwen AESRTS  LIMIT  UNITS Ll'h URITSIIRECOVERY  SPIKE  UMITS % RECOWERY

............................... ::-----..-- symmrsasacsnie eesuvesass

, ORGHHCS CUHTD 0"

D036 9270 98-95-1  NITRODENZENE 8L 1,90 U&/ TREACLL 1926 7 2000 UG/L 98.80 %
D037 8279 87-86-5  PENTACHLOROPHEMOL 8L 3,60 UsAL 160 M5/L 11 9755 7 18460 US/L 97.5% &
D028 8270 110-Bs-1 PYRIDIN 8L 1.90 UG/L Y G/ 5, 4831/ 0G0 UG 96.62 %
D39 8260 127-14~4 TETRACHLORGETHYLENE BIL 1,86 UL £.] K/ 1! 692 / 700 U6/ §8.96 %
DO4O 8260 79-01-6  TRICHLORGETHYLENE BOL 1.80 J6 - 0.5 &AL 1) 8/ 500 6/ 95,60 %
DAL 8270 95-95-& 2,4, 5-TRICHLOROPHENOL B 3,00 U6/ §50 RE/L 1D 9935 4 19060 UsAL 99.35 %
D042 8270 88-06-2  2,4,6-IRICHLOROPHENDL BOL 2,70 JaA DMLY 1988 7 2000 U 98,40 %
DO 4260 75-01-4  VINVL CHLORIOE BoL 6.18 UG/L 0.2 N&/L 31 1924/ 260 ve/L .20 %

.1BDL « BELON DETECTION LIMIT. HEAVY NETALS ARE REPORTED IN ME/L. ALL OTHERS ARE REPORTED IM VGA. EPA LIAITS ARE IR M3/,
19 CINVERT FAON US/L T0 NG/L - IVIOE US/L BY 1900, REFER 16 THE 0-CRESOL, M-CRESOL, AMD F-CRESOL FOR TOTAL CRESOL & MATRIX

SRIKE RECOVERIES OF CRESOLS,

PIRM £r RESULTS UNITS/IPA LIRDTS {ATE /TINE /ANALYST PETACO
REACTIVITY:T CYANIDE 0.0% K3/t 1173 ¢ 2 0% - 8] SEE. 7.7 1010
FLACHPOING ) e {(idd F 1170 & 11010 4M - (Y V36 1010
P 8.87 {2 &R 2 A4 iniem- SN 945 9840

COMCTIVITY:T SR ¢.01 5L 13/ 4 820 -3 5. 7.3 1310

-

| /,] |
. | ATIEST: =4@ _ /_(@ {’Z‘véj

U
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100 W, PLAQUEMINE STREET CHURCH POINT. LOUISIANA 10525 318-684-3130
CONTRACTOR: LAISLAY EXVIROKMENTAL SERVICES REPORT DATE:  NOVENSER 17, 1993
LOCATIION: COLFAY LA OATE RECEIVED: 11/8/93 0 10:40 A
.- LERTIFICATION: SOLID SAMPLE B8 , DATE COMPLETE: 11/17/93 4 8:80 AY
LA 1 34387 PAGE | OF 2

L. GULITY RSSURMNCE/AUALITY CONTROL § 34383

: S 846 NETHED  DATE / TINE / AMALYS!

1311 1178 0 L:80 MW &8
520 179 4 2:10 P ¢35
8240 {1705 0 10:19 8 &8
8370 11710 & 1:07 Ak 5
TOLICITY CAARACTERISTIC LEACHATE PROCEDURE CFR 251.24 APFEMDIY [ - SNa46 METHOD 1311 - NOVEMBER 24, 1992 EDITION
UASTE SV 216 DEYECTION 47 MAAGC - HATRIX SPIKE
COOE  METHOD thSE I P#RAHEM RESULTS  LIMiT  UNITS LIMIT dH;IS.,R COVERY  SPIXE  UNITS & RECOVERY
e i mmeeer memveeeeeaeees  mmeeseaaenomen PR
KEAYY HETALS N
D004 7061 T440-38-2 ARSENIS 0,001 0,091 Me/L SNE/L 1p Ay S/ 5 KGAL 93.00 3
DOOS 7080 7440-19-3 RARIUN 23,20 0.01 MésL 100 %6/, 10 10.137/ 10 48/ 101.30 %
DOOS 7130 7440429 CADMIUA {0.01 0.9] 45/1 18/ 00 0,964 / 1 M6/L 96,40 %
BO? 7190 1333-82-0 CHROMIUN 9.29 0.91 M6/ S NG 1 5.06 / 5 161 100.20 %
0008 7420 7439-92-1 LEAD 0,26 0.9 MEL §MG/L CT 5.7/ 5 N&/L 102,43 2
0009 1470 7439-97-5 KERCURY ¢.001 0.0605 ¥6/L 0.2 46/ |7 0,194/ 6.2 ML 97.00 %
D010 7741 7782-49-2 SELENIM 0.001 9.091 Ng/L La6/L i1 6,933/ 1 ML $3.20 %
DOLL 5760 7440-22-4 SILVER " {0.01 0.61 NG/L 5 M3/L ”. 92/ 5 KG/L 98.40 %
ANILS N '
COL8 8260 T1-43-2  BEMIENS 0L 2.40 VgL 6.5 %G/ ) 445 7 500 JS/L 93.40 ¢
D019 8280 $6-23-5  CARSON TETRACHLORIDE 8oL 3.30 Us/L 0.5 46/L || 59 7 530 USiL 97.80 %
£021  826% 108-90-7 C(HLOROIEMZENE gl 1.70 Ug/L 160 16/ 1 WwL2 s 150 Y5/ 16420 ¢
D022 2280 47-66°]  CHLOROFORM anL 5,29 UG/L 6 WG/ ! 87 / 630 YaiL 97.83 %
0023 8279 §5-48-7  o-CRESX 8iL 1.50 Ug/L 260 #6/L 1) SLE2 7 19000 UG 9142 ¢
D024 827) 108-33-4 p-(RESIL B, 1,99 Y6/L 0 NG/ 'L 9888/ 10800 &AL 35.93 %
0025 8273 10&-di-§ peLRESIL BhL 2.40 US/L 200 NRA P 10047 £ 10000 UG 160.47 3
D026 &27% (ML) cREsOL 1 3.00 US/L DoK' e 13 i
0027 8279 106-d6-7 1,4-DICKLORORENTENE O 0.12 UL 7.5 46/ 1Y 10123 7 10000 US/L 101,23 ¢
J028 8260 107-06-2 1,2-DISHLORCETHAMNE BOL 4.24 UG/ 0.5 N&/L | W 530 Be/L 94.20 &
0029 4283 75-35-4 1, 1-DICHLORSETHYLENE BOL 5.0 U474 078 ;! 689 / 740 VAL §8.43 %
2030 9270 121=14-2 ¢ 4~DINITROTOLUENE B 5.70 Ueil LI RGN ) 1351/ 130 te/L 103.92 %
0072 #279 [18-71-1 FEXACK.OROBEINIENE L 1.30 UG/ .43 M6 ] 198.5 / 130 UG/ 105.54 %
333 827) 87-68-3  FEXACHLOROBUTADIENE Bl 9.10 V&L 5.5 WG )| WY 30 Us/L 95.20 %
D34 1273 47-72-%  REXACHLORCETHMAE BiL 1.40 UC/L I 2958 2000 V6L 99.37 %
D35 ) 78-93-3  RETHYL TTHYL KETONE B 1.50 v6/1 200 MG/L 1) 9587 /10000 UL 95.97 ¢
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nthin DAtk .
300 A PLAQUEMINE STRSET CHURCH POINT, LOUISIANA 710525 318-534-3139
CONTRRL R LATSLM ENVIRONNENTAL SERVICES REPORT DATE:  NOVEMREQ 17, 1993
LOGAT] 0N CCLFAX LA - PATE RECEIVED: 11/8793 4 10:40 AN
[oERTIF[LATIGA: SOL1D SAMPLE B DATE COMPLETZ: 11/17/93 4 B:00 AM
a3 iay? PAGE 2 0F 2
TURLCITY CHARACTERISTIC LEACEATE PROCEOURE CFR 261.24 APPENDIX I - SWB(S METHGD 131 - FOVEMBER 24, 1392 ED[TION
VASTE Sk Af¢ DETECTICN EPA HOAQC - RATRIX SPIKE
COPE  ZETHUO TASE 1 PARMRETER RISULTS  LINIY  UNITS LIMIT  ONITS!;RECOYERY SPIKE  UXITS % RECOVERY
------------- L L E N LK XL Y] WEmEEREDE RSy L T T R S A R - —-—--- ——_—mamwTE T Y. oa -}: - - merTmwTEsrwseeww mAmSEguwwry
ORSAMICS - CONT'D " S
DO 4270 §8-35-3  KITROBENIEME BOL 1.90 VgL A6 N 1976/ 2040 U6/l 98,80 %
D927 8270 87-86-%  PENTACHLIROEHENOL BoL 3,60 UsA 160 MGJL L 9785/ 1306) lan 97 .55 %
D03ag  #220 110-B6-1 FYRIDIME el 1.99 ussL SASA N a8l 5000 UsAL 56,62 3
£039 6284 [27-13-4 TETRACKLOROETHYLESE BCL 1.8¢ VgL 0.7 W6/L 1 692 / 166 Us/L 98 .86 X
540 8260 79-01-9  TRICHLOROETHYLEME BiL 1,40 AL 0.5 X/ 1) A8 ! 500 U&/L 95.60 %
DO 8270 ¥5-95-4 2,4, 5-TRICHLOROPRENOL BGL .00 UG/ 60 M6/ 1) 9935 / 10060 Ugs 99,35 %
CO4Y 0270 M8-C6-2 I, 4.5-TRICHLOROPRENCL 2ot 2,70 VAL 2 MA T 1988/ 2000 N 59.40 %
0043 8763 75-91-4  VINTL CHLIRIDE 80t .18 e 0.2 06/L 1) 1924/ 260 U6/L 96.20 %

.19\7{. = 8ELI DETECTION LINIT. MEAVY METALS ARE XEFORTED IN ME/L. ALL CTSERS ARE REPGRTED [N U6/L. EPA LINITS ARE IN ME/L.

13 COMYERT FROM UR/L TO Me<L - DIVIDE U8/L &Y

SPIXE RECOVERIZS OF CRESOLS,

PARARETER RESVLTS
REMCTIVITY:T CYANIME 0.01
FLASHPOINT YA
Y 19,01

- REACHIYITY:T P 10E 3.6
ATEST:

1302, REFER TC THE 0-CRISOL. W-CRESOL, AD P-CRESOL FOR TOTAL CRESQL & MAFRIX

SETROD

SATL STIRE JANALYST

URITS/ZSPA LINGTS

----------------

LETAN /08 PN - 8l $€C. 7.3 1310
{40 F FL/LO & 1134 A% - (Y S¥ 348 1010
&R i3 PL/9 4 10:59 aX - CY ¢4 3lh §04¢9
LT 13 0 8308 PH - 3] $C 2.1 15

Jaa_f '/2@@)

U
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$00 W, PLAQUEMINE STREET . CﬂﬂRﬁ?‘f POINT, LOUISIANA 70535 JIE-E84-313¢

CHTRM;?IR! LATOLAW EH‘JIRG&HEHTAL SERVICES REPORY DATE: OVERRER 17, 1890
LOCATITON: COLFAX L ’ DATE RECEINED: 11/8/93 ¢ 19140 a¥
ICENTIFIEATIEN: LI SANPLE &4 DRTE COMPLETE: L1/17/93 4 800 AN
L 1 358 PAGE ¢ OF 2

QAL ITY ASSURRNCE/GUALITY CONTROL | 34353
SUB4 NETHOD  DATE / TIXE /7 AkALYS

1311 11/8 0 4:00 PH-. ¢

3520 179 ¢ 1:60 PN €8

9260 RS RLH Y- T3

8270 11710 & 312 A (S
TOXICTTY CHARACTERISTIC LZACHATE PROCEDURE CFR 261.24 APPENOIX [] - SWS46 METHOD 1311 - NOVEMBER 2¢, 1392 EDITION
HMTE S D14 LETESTION EPA GAMAC - MATRIY SPIKE
CO0E NETHOD CASE B PARAMETER RESULYS  LIMIT  UNITS LINMET  UNITS||RECOVERY SPIRE  UNITS % RECOYERY
........................ temtv= mamaafuE erwescesmsmmma -.._---.--.....::.......-- L L N PEEE LT

HEAYY METALS ¥
BOO4 706t T440-38-2 ARSEMIC ¢.001 0,001 ME/L SH/L G s/ 5 XA §3.00 %
DO05 7080 7440-39-3 RARIUM 0,27 0.01 Me/L 190 %6/ 50 10,13/ 19 K61 191.30 2
D06 7130 7440-43=9 CADRIUM {001 0.0} Me/L 19R/L 1 0.944 1 GA 9 .40 %
0097 1190 1313-82-0 CHROMIUM 0,17 0.01 %5/ 54/ ) 5.8/ 5 K6 10£.20 &
DG8 7427 7429-92-1 LEAD 0.5 0.51 M8/L LY/ W Y 5 MasL 103.40 %
D09 7470 7439-97-% MERCURY C.000  0.0005 ¥6/0 0.2 36/L 1) 0.194 0.2 %A 97.00 %
- DOIQ 774 7782-19-2 SELCNIUM ¢.061 0.001 #6/1 140 0 0,933/ 1 Hs/L 93.20 %
DOLL 2760 TAd0-22-4 SILYER {6.01 0.01 #6/L 5 %6 0 4.52/ 5 X6/ 98.40 %
OREANICS "

BOL8 8260 7i-43-2  BENIENS 8oL 2.40 U&/L 0.5 461 o) 45/ 500 US/L 93.00 ¢
DO19 8260 56-23-5  CARBON TETRACHLORIDE B .40 Ue/L 0.5 XG4 | 189 / 500 V5L 97.8) ¢
D21 6240 108-90-7 CHLORO3SEMIENE 3oL 1.70 Vel 100 MG/L 1D W2 180 18/L 104.20 ¢
0022 8260 67-66-3  CHLOROFORM B 6,20 UG/L 6 X6/ o 587 / 600 Uast 97.83 %
0023  #279 95-48-7  g-{RESH oL 1.50 Jant 230 67U T 9042 4 10080 6 9142
2024 8279 108-29~4 p-CRESOL 1} 1.90 V6L 200 A5/L 1) 9628 1 [OD0 USIL 96.83 %
0025 8270 106-t4-5 p-CRESOL EI " 2.40 USAL 200 %61 11 10047 7 10060 WA 10017 %
0O26 8270 (ALL)  C8ESOL 1 3.90 e 200 MG/ 1) s 1 1t
5327 8279 1d&-di-7 |, 4-DICHLIRCRENZENE 8L 8.72 960 7580 1 1M 10068 den 101.23 %
2028 8260 107-08-2 1,2-DICHLORCETHANE 30L 0.24 USAL .5 86/L 7 500 Js/L 54.20 %
0029 8260 78+38-4  1.1-DICHLORCETHYLENE 8L §.40 VEA 8.7 G | 639 / 700 YG/L 56.43 %
D930 €270 121-1d4-2 &, 4-DINTTROTOLUENE Ent §.70 ue/L 0.1 M6/ ) 1350/ 139 e/ 103.92 3
3432 4270 118-74-1 HEXACHLOACEENIENE B 1.90 VAL 0.3 461 1 1385 ¢ 130 ven 106.54 %
D013 827) 87633 REXACHLOROBUTADIENE a0L ¢.90 Ua/L 0.5 X6 | 476/ 500 U&/L 95.20 %
D034 8279 §7-72-1  HEXACHLORIETHANE B 1.6¢ va/L KA Ly 3000 Ya 98,37 %
BORY 8250 78-33+3  METYYL ETHYL KITONE R 1.50 U§/L N6 B )T 95T 4 16080 UL 95.87 %
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206 W. PLAGUEMINE STREET CHURCH POINT, LOUISIANA 70525 J18-684-3130
CORTAACTOR: LALVLAY ENYIROWMENTEL SERJICSS REFORT DATE:  AGVEEBER 17, 1393
LOCA TN (GLFAX L# ’ OATE RECETVED: 11/8/%3 0 10:40 A9
IM‘.'IFICHEBH: SGLID SAeLl 34 DATE COMPLETE: 11/17/92 % 2:00 4M
LAd ¢t 5e751 PAEE Y OF

TRLILITY CHRRACTERESTIC LEACHATE PROCEDURE CFR 264.24 APEMOTX 11 ~ SwB4é AETHOD 1311 - NVEPEER 24, 1292 EDITION

VAGTE S5 844

COZE METHOD CASE §

Tt s mmarmme SEEEn.A—

D03
(437
03t
£0J9
M40
(04}
0047
M

a2re
9270
2
8260
0269
9270
L
8250

80-95-3
37-86-3
i10-86-]
122-13-¢
19-0L-%
95-95-4
487062
15-0i-4

PARAYETER
JRAMILS - CONTTD

NITROBENTEM
FENTACHLOROFHENL
PYRIDINE
TETRACALIROS THYLERE
1RICHLIROSTHYLENS
2.4, 5-TRIZFLORCPHERGL
2,4,6-TRICHLOROPHENOL
VINYL CHLORIDE

CETECTICN EPR - JRAGL - MATRIX $PIXE
RESULIS  LIMIT  UNITS LIRIT  UNITSIIRECOVERY  SPIKZ  WAITS % RECOYERT

--------------------------------- Ilil-‘ SvswumssE SeNIbtYAvwrmusr EALSnedeww

]

il

LN ]
gL 1.10 vasL T/ T 2000 Us/L 98.80 3
BoL 1,60 S/ 166 MG 31 §75S 7 16600 USA 97.55 %
20L 1.99 Us/L SAE/L i 433/ 5000 USAL 96.62 %
80L 1.80 uG/L 0.7 MG 1| 852 / 700 UL 98.85 %
8oL 1.60 UG 5% 48y 500 UG/L 95.60 4
BOL 3,80 Jad 400 ML 50 9935 7 10000 USA 99.35 1
148 <70 WA 2M6/0 [0 1988 5 2080 UL 99.40 ¢
Bl 0.8 tasL 0.2 %A 1 B2/ 250 Ve 96.20 %

B0 = PELON CETECTICS LINIT. KEAVY KETALS ¢RE SEFORTED 1M M6/L. ALL OYERS ARE REPORTED [N UB/L. EPA LINITS ARE IN N&/L.
F) CHNERT 730H UR/L T KEA - DIVIDE UG/L 8Y 1000, REFER TC T4 £-CRESCL, -CRESIL, AWD P-CRESOL FOR TOTAL CRESOL & MATRIX
$PIE RECOVERIES dF (RESOLS.

FARARETER

REACTIVITY:T CYANIOE

FLASYPOIYT

4

ALXTIVITYT SAFI0E

REYATS

13
Ve

7.64

FUEST:

UNTTSZEPA- LIALTS DAY FTINE JAMALYSY NETRC
LET /3 0408 2K - CV §EC, 7.3 1319
{19 f D116 0 10543 AR - 0¥ §9 &% 1630
12 GF 512 179 0 150 PM - ¢y 3484y 5949
L HA AR R RN 5, 7.3 1319

g 52%;&)
t
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800 W, PLAQUEMINE SIREET . CHURCH POINT, LOUISIANA 70525 312-684-3130
tonybaiie e
CONTRACTOR: LAIOLAN ENVIRONMENTAL SEAVIZES REPORT DATE:  KOYEM3ER 17, 1993
LACATTTow: {COLFAX LA DATE RECEIVED: 11/8/93 & 10:40 AK
IMHTIFICATION: SOLID SAAPLY 37 DAIE COMPLETE: 11/17/97 4 8:00 AX
LIB § 3435y PASE 1 OF 2
. QUALITY ASSVRAMCE/QUALTTY CONTROL 3 . 34383
SN 846 METHOD  DATE / VINE £ ANALYST
1311 /8 035 PR (S
3820 F179 0 2230 i 8
8240 1712 4 1140 M ¢S
8210 1L/10 4 4:45 A 8
TOXTCITY CHARACTERISTIC LEACKATE PROCEOVRE CFR 261.24 APPENDIX I[ - SW@45 METHOD 1311 - NOVEMBER 24, 1992 EDITION
WASTE SW £46 DETECTION EPA 110AQC - MATRIX SPIXE
CODE  METHOD CASE 1 PARAMETER RESULTS  LIKIT  UNITS LIMIT  UNITS!'RECOVERY SPIZE  UNITS % RECOVERY
----------------------------- - cmnraehr eewsmemErm—e—— -...-...--.....::...------ tweenkmsseREns svevesseaw
HEAVY METALS " ,
DOO4 7061 7440-38-2 ARSENIC 0.001 0.001 Me/L LN 17/ W 5 N&/L 93,00 %
DS 7080 7440-39-3 RARIUN 0.41 0,61 W&/L 190 HEL |1 10,13 ¢ 10 ¥a/L 101.30 ¢
D006 7130 7440-43-9 CADXIUN { 0.0 0.6) M/l PHE/L YD 0,964/ i MesL 96,40 %
D7 7190 1333-87-0 CHRONIUN 0.23 0.01 H6/L S HG/L (] 5.0 / 5 NG/L 101.20 ¢
D48 7420 7439-92-1 LEad 0.96 0,01 X6/L SMe/L 1 5.0/ 5 M/L 102,40 %
DO&Y 7470 TE39-37-6 RERCURY 0.00t  0.0005 HC/L 0.2 HG/L 11 G.A% / 0.2 Me/L 97.00 %
DO 7741 7782-49-2 SELENIUM 9.001 5.001 NG/L L %6/ 10 0,913/ 1 K/l $3.30 %
DOIL 7740 74d0-22-4 $ILVER { 8.9] 0.0 Ne/L S ML 42 5 NG/L 98,40 ¥
GRGANTCS "
D019 3240 71-43-2  QENIEME 10.75 2.40 Va/L 0.3 /L |} 45 / 500 US/L $3.00 %
D0{9 8260 56-23-5  CAR3ON TETRACKLORIDE BOL 3.30 UL 0.5 M8/L |2 489/ 500 US/L $7.80 ¢
DG21 3260 108-93-7 CHLIROBENIERE 8L 1.79 V&/L 190 /L 11 1082/ 159 U§/L 104.20 3
DA22 8260 467-56-3  CHLIRCFORM 8oL §,20 UG/ SNE/L L 887/ 659 U6/L §7.83 %
D023 8270 $5-48-7  o-CRESOL BoL 1.50 U§/L 200 M/L 1 9142/ 10000 UG $1.42 %
(24 3270 108-33-4 a-CRESOL 8oL 1.90 Ug/L 200 K6/ S 9688 /10000 U/L 96.88
001% 8277 104-04-5 p-LRESOL FoL 2,40 161 20 NG/L 10047 1 10006 UG/L 100.47 §
s 8270 (ML) CRESOL 11 3.00 U§/L 2H MG 1 13 12
D027 8273 194-45-7 1,4-DICHLOROBENZENE BOL 0.32 Us/L TE ML LD 10123 1002 UGAL 101.23 %
D428 8260 107-04-2 ,2-DICHLCROETHAKE 301 9.20 Ug/L RS ML} AT S 500 UG/L 94,20 %
D029 8269 75354  1,1-DICHLORDE THYLENE 8N, 5,40 L6/L 0.7 M6 1Y 89/ 750 U6iL 9843 %
0030 827 121-14-2 2,4-DINITROTOLUENE BiL §.70 UL .13 Ms 1 1351/ 120 US/L 103.92 %
D032 9276 1!8s74-1 HEXACHLORCAEMIENE aoL 1.5 U6/ 0,03 %60 11 1385 7 130 U844 106.54 §
D03 827% 87-88-3  REXACHLORCBUTADIENE 8OL. 0.30 v8/1 0.5 Me/L 1t W6/ 500 UG/L 95.20 %
0004 273 §7-72-1  FEXACHLOROETNAME BiL, 1.50 UG IR 9817 3000 WGAL 98.27 %
DRIL &) 78-93+3  PETHYL ETHYL KETONE by, 1.80 UG/ 200 M6/ CE 9587/ 10000 UG/ 95.87 %
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800 W. PLAQUEMINE STREET
—

o
CHURLH POINT, LOUISIANA 1055

318-684.3130

CONTRACTOR:
LCATIION:

© [QENTIFICATION:

LA8 § 34359

T—

LATOLAN ENYIRONMENTAL SERVI(ES

COLFAX LA
SOLIO SANALE 17

REPCRT DATE:

ROVEMBER 17, 1593
£176793 & 10244 AR

TOXICITY CHARACTERISTIC LEACHATE PROCEDURE CFR 260,20 APPENDIX 11 - 5UB46 METHOD J3L1 - WOVEMBER 24, 1992 EDITION

WASTE SU 848
COBE METHOD CASE I

§210 28-495-3
8270 67-84-5
B 114-86-4
260 12-19-4
0260 79-01-4
8270 9595~
170 83062
8260 757014

036
b7
LR
b
boad
boul
pod2
043

PARAMETER

ORGANICS - cont
NTTROBENZENE
PENTACHLOROPHENGL
PYRIDINE
TETRACKLOROETHYLENE
TRICHLOROETHYLENE
2,4, 7 TRICH CROPHENOL
2,4, 4-TRICHLOROPHENOL
YINTL CRLORIDE

RESLTS

"0

3L
8

- B

DATE RECEIVED:
DATE CONPLETE: 1{/17/93 & 9:00 AR
PAGE 2 OF 2
BETECTION EPA
LINIT  UNITS LIMIT  UMITS)JRECOVEAY
................................... ':E
1.90 Uil 8 T
1,49 Us/L 100 W6/ |
1.%0 Us/L y MEIL )
1.80 Vil 0.7 M6/L 1,
1,50 UG/ 0.5 X6/L
3.90 Ug/L 400 Me/L )
2.79 Ue/L 2 ML 1
0.18 Ug/L 0.2 %/l

0L
BoL
8
B
8oL

EAQE - MATRIX
SPIKE

1976 /
9735 /
83t/

692 /

78/
9938 /
1988 /
924/

YPIKE

UNITS % RECOYERY
2000 US/L 98.80 %
10084 Ug/L 97.55 %
5300 Uast 95.62 %
10 Ue/L 98.85 %
500 UsJL 95.60 %
10006 Ve/L 99.35 %
2000 La/L 93.40 3
200 v/l 95.20 3

TB0L = BELQY DETECTION LIMIT. KEAYY METALS ARE REFCRTED IN MG/L. A.L OTHERS ARE REPORTED IN U4/L. EPA LIAITS RE IN MG/L.
70 CONYERT FROM Ud/L 10 NG/L - DIVIDE UG/L BY 1000, REFER 710 THE 0-CRESCL, N-CRESIL, AND P-CRESGL FOR TOTAL CRESOL & MATRIX
SPIRE RECOVERIES OF CRESOLS.

PIRARETER

REACTIVITY:T CYANIDE

. FLASHPQINT

£
REACTIVITY: T SULFIDE

REMLTS

¢.13
) 10
12.78

1.3

ATTEST: Wk

INITS/EPA- LINITS

{2¢

T

RI2

DATE /TIME /AMALYST

VB LIS PN - Y
11710 8 52100 PM - LY
P19 81001 AN - CY

11/8 L 419 PN - (Y

KETHAD

§EC. 7.2 1310
W8k 1910
59 844 9340

$6C, 7.0 1)
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800 W. PLAQUEMINE STREET CHURCH POINT, LOULSLANA 70525 318-684-3130
CONTRACTSR: LATDLAW ENVIRONMENTAL SERVICES - COLFAX  REPORT DATE:  AUGUST 10, 1993
IDENTIFICATION: &iid4 ROLL OFF BOX DATE RECEIVED: B8/4/93 @ 5:00 PN

CATE COMPLETE: 8/9/93 @ 6:00 P

LAB ¢ 32611 PAGE 1 OF 2
QUALITY ASSURANCE/GUALITY CORTROL § 32611

SW 846 HETHOD DATE / TIME / ANALYST

1311 8/5 8 9345 A €S
3520 8/6 28200 A CS
8150 8/9 8 10:58 AN CS DATE SAMPLED:  8/4/93 (LABS)
8260 8/6 8 3:05 PH  Cs
8270 8/6 4 3:37 P C§
TOXICITY CHARACTERISTIC LEACHATE PROCEDURE CFR 261.24 APPENDIX [T - SWG4S METHOD 1311 - NOVEKBER 24. 1992 EDITION
WASTE S4 346 DETECTION 4 QAQC - HATRIX SPIKE
"00E METHOD CASE PARAMETER GESULTS  LIMIT  UNITS LINIT  UNITSIRECOVERY SPIKE  UNiTS % RECOVE:
.................................................... n "UT Tmmsssmssmsess sescocees
. HEAVY HETALS X
D004 7061 7440-38-2 ARSENIC 0.001  0.001 MG/L SHE/L L, 489/ 5 ML 9.8
0005 7080 7440-39-3 SARIUN 0.13 0.01 HG/L 100 KE/L |} 9.88 / 10 K6/L 98.£%
D005 7123 7440-43-9 CADMIUN _ ( 0.01 0.01 H&/L 1 ¥6/L 1 0,988 / L He/L 38.::
0007 7150 1333-82-0 CHROMIUM 0.19 0.01 H&/L SHEE/L i 487 / S MG/ 9.4
D008 7420 7439-62-1 LEAD 0.07 0.01 K&/L SHE/L 1 4,89 / 5 K6/ 9.5
0009 7470 7439-97-5 HERCURY 0.00! 0,005 KG/L 0.2 M6/L 31 0.189 / 0.2 H/L 9.2
D010 7741 7782-49-2 SELENIUN 0.001  0.001 He/L LH6/L )Y 0.588 / 1 KB/t 9.5
0011 7740 7440-22-4 SILVER ( 0.01 0.01 MG/L KL 489/ S M8/ 9.8
PESTICIDES ¥
D012 9050 72-20-5  ENDRIN ot 1.60 UG/L 0.02 ¥G/L 1y 19.63 / 20 UG/L 3.
D013 8050 S3-89-i  LINDANE BOL .60 U§/L 0.4 MG/L Ly 387/ 400 USAL 96T
D014 8030 72-43-5  KETHOXYCHLOR BOL 1.0 UG/L 10 MG/L 1y 9852/ 13002 USAL %
BO1S 8080 8001-35-2 TOXAPHENE a5t 1.00 UB/L 0.5 ¥6/L 1y A8/ 360 Ve/L 3.2
0020 8080 S7-74-9  CHLORDANE 8L 1.00 UG/L 0.03 M6/L 11 30.7 / 30 UG/L 102.2
D031 2030 76-44-3 HEPTACHLOR EOL 1.00 U§/L  0.008 MG/L I} 7.65 / 8 UG/t 5.2
RERBICIDES 3
0015 8150 94-75-7  2,4-D ol 1.00 UG/L loWe/L ;y 983/ 1000 LEAL 3.
007 8150 93-75-5  2.4,5-TP (SILVEX) 8oL 1.00 V6/L L HG/L 5, 1025/ 1000 UG/L 2.1
ORGANICS ¥
COi3 9260 71-43-2 SENIENE 8oL 2.40 UG/t 0.5 Ha/L ) 184 / 500 LE/L 9.1
D019 8280 36-23-3  CARBON TETRACHLORIOE BiL 3,80 UG/L 0.5 ¥6/L 11 476/ EOUL 95
021 3240 109-90-7 CHLOROSENZENE &L 1.70 UG/L 00 MG/L L 105/ 190 L6/L 105
.zz 8260 57-56-3  CHLOROFORY EoL §.20 UG/ SME/L L 619/ o leL 0T
023 8270 95-48-7  9-CRESOL 20 1.50 UG/L 00 ¥G/L ,i 9843 /10000 UGL 7.
D024 8270 108-33-4 -LRESIL 8oL 1.9 UG/% 200 H/L 1) 10372 /18009 UG 103
3028 3273 106443 F-CRESIL AL 2.50 UG/L 200 MG/L G 10524 /13000 WGAL 105
2626 30 (AL} CRESdL tx 1.00 US/L 00 M6/l 11w “ "
1 CreesieT 1 1edTHLIROIENITNE 2 1.32 46 RN A P e i
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800 W, PLAQUEMINE STREET CHURCH POINT, LOUISIANA 70525 318-684-3130
b -

SEPTEMBER 22, 1992

CONTRACTOR: R & D INC
LA $#: 27064000
DATE RECEIVED: F/21/92 @ 11:15 AM
DATE COMPLETED: 9/22/%2 @ 8:00 AM
UNITS/
PARAMETER RESUILTS EPA LIMITS DATE / TIME / ANALYST
LAR #27064 —~ SAMPLE 1
REACTIVITY: T CYANIDE Q.04 MG /L S/21 @ S:45 PM ~ S5
(BEC. 7.3 131L0)
ja}
FLASHFOINT > 210 <140 F 9721 @ 12:48 PM ~ C3V
. (SW B48 1010) .
REACTIVITY: T SULFIDE 0.01 M6/L /21 & S:05 PM — CSV
(SEC, 7.3 1310)
LAS {27065 — SAMPLE #2
REACTIVITY: T CYANIDE 0.02 MG/L 3/21 @ S5:47 FM - 35S
(SEC. 7.3 1310) y
[
FLASHPOINT > 210 <140 F 9/21 @ 1:15 PM - €SV
(SW B45 1010)
REACTIVITY: T SULFIDE: 0.01 MG /L S/21 @ S:07 PM - C3V
(REC. 7.3 13100
LAS §#270&6 — SAMPLE #2
REACTIVITY: T CYANIDE 0.17 MG/L 9/21 @ 5:50 PM - &3
(SEC. 7.2 131Q)
Q
FLASHFOINT > 210 <140 F 5721 @ 1:45 PM - C3V
. (SW 844 1010)
GEACTIVITY:T SULFIDE _ 0.2 MG /L 9/21 @ 5:09 PH - CSV
(SEC. 7.3 1310 ,
. A
//f: . Vi /:{’/f‘ \
ATTEST -:'__{?‘_r__ e S ./_:;/jﬁ-!.{/(,;’b
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TABLE 2-2

SUMMARY OF SOIL SAMPLE ANALYTICAL RESULTS
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TABLE 2-3

ORGANIC LEACHING MODEL - VHS INPUT
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TABLE 2-4

VHS MODEL - PAD BREACH SCENARIO
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TABLE 2-5

VHS MODEL - SURFACE DEPOSITION SCENARIO
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APPENDIX 2-A
GEOTECHNICAL SOIL BORINGS



GEOTECHNICAL INVESTIGATION

FOR

R&D FABRICATING AND MANUFACTURING, INC.

COLFAX, LOUISIANA

Prepared for:

Laidlaw Environmental Services, Inc.
Post Office Box 210799
Columbia,-SC 29221

File No.: 3993(S=®)

April 6, 1993 RE\,‘ALV i ” )

-~

~ -
~rt © Y225

by E:GINEERING LEPT.

GEQTECHNICAL TESTING LABORATORY, INC.



OFFICE PHONES: Geotechﬁical Testing Laboratory, Inc. Gﬂ,

Pt 226 PARKWOOD DRIVE P. 0. BOX 7734
- .-‘f-‘ 318 443-1385 ALEXANDRIA, LOUISIANA 71306

April 6, 1993

File Noc.: 3993(SE)

Laidlaw Environmental Services, Inc.
Post Office Box 210799 .

Columbia, SC 29221 <

Attn: Mr. Samuel R. Moore, P.E.

Re: Geotechnical Investigation: R&D Fabricating And
Manufacturing, Inc., Colfax, Louisiana

Gentlemen,

We enclose our Geotechnical Investigation Report
for the above referenced project.

; . It was a pleasure to serve you and if we can
be of further assistance, please call on us.

Very truly yours,

GEQOTECHNICAL TESTING LABORATORY, INC,

,%M/Q / :%;{/

G.B. r-'iltchell F.E.” -
La. Reg. No. ‘10318

3cec: Laidlaw Environmental Services, Inc.
Attn: Mr. Samuel Moore, P.E.

4G B MITCHELL
BEG. l\O__l_"J_IS
-‘ REGILTZRED z

NJIG/tsx % eROFOSSI0HAL SNTETER

- pri o ,f-

o *t R
- .-'.? S r\. w
I
s i l|l “'

l,—..pl

As 8 mutual protection to clients, the public and curseivas, all reports are submitted as the confidentisl property of cliants. And autherization for publics-
tion of statements, conclusions or #xtracts from or regarding our reports ia reserved pending our written spproval.



GEOTECHNICAL INVESTIGATION i
FOR '

R & D FABRICATING & MANUFACTURING, INC.

COLFAX, LOUISIANA

GENERAL:
This study was authorized by Mr. Samuel R. Moore, P.E. with

Laidlaw Environmental Services, Inc., Columbia, South

Carolina. ' |

¥ |
The scope of this study was to explore the subsurface
conditions of a proposed construction site for the purpose of
identifying soil strata and characteristics. Methods commonly
employed in the industry were utilized to obtain and presérve

samples and perform tests as specified by applicable testing

standards. Only that work specifically authorized by the

client has been performed.

FIELD OPERATIONS:

The subsurface exploration at the site consisted of one
25k-foot soil boring, one 15%-foot soil boring and four
10%-foot soil borings drilled -on March, 29, 30 and 31, 1993.

Boring G was inaccessible and was not drilled.

A truck mounted auger was used to advance the borings and to

obtain samples for laboratory evaluation.

tandard, thin walled, seamless Shelby Tube samplers were used

to obtain samples of cohesive materials. These specimens were

-1-
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taken at intermediate intervals as the borings were advanced, .

but never further than Eive feet apart.

Those soils which contained enough cohesicnless material to
prevent recovery of samples for laboratory testing were
evaluated by means of the Standard Penetration Test. This
test consists of determining the number of blows required by

a 140-pound hammer dropped 30 inches to achieve a one-foot
penetration of the soil. This number is then related to thé
existing density and/or stfength of the insitu material. fThisg
test is performed in accordance with ASTM D 1586-84 and

results are reported accordingly.

All samples were logged, sealed and packaged in the field to
protect them from disturbance and maintain their insitu

moisture content during transportation to our laboratory.

The location of the test borings (Boring Location Diagram)
and the results of our boring program {Logs of Borings) are

enclosed with this report.

LABORATORY TESTING:

Upon return to our laboratory, selected samples were subjected
to standard laboratory tests as defined by ASTM D 2216,

D 2166-8S and D 4318,

The Atterberg Limits and insitu unit weight and moisture
content of the different subsurface soils were determined.
These were used to classify the soils according to the

-2-
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Unified Soil Classification and to evaluate their potential

for volumetric change.

The results of our laboratory tests are shown on the

respective Logs of Borings.

SITE AND SOIL CONDITIONS:

The site is wooded (some timber has been cut) with about 25 to
30 feet of relief. The general subsurface stratigraphy is
typical of the area under consideration, is nonuniform and
consists of several inches of gray sandy loam topsoil
overlying reddish brown, red, and/or gray sands, clayey sands,
sandy clays and/or clays. Sand pockets and iron oxide
staining were encountered throughout. Because of the
nonuniformity, no further descriptions are attempted here but
the stratigraphy is accurately depicted on the Logs of

Borings.

The borings were advanced without the use of drilling f£luid in
order to accurately determine groundwater conditions. At time
of drilling no groundwater wég encountered and after a short
time lépse the borings remained dry and uncaved. There was
seepage occurring, however, in severgl areas of the lower
elevations on the sides of the hills. This seepage is quite
likely from recent fairly heavy seasonal rains. It is not
expected to influence foundation construction nor performance.

From past experience with soils in this area we feel that a

-3~
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groundwater table exists not very far below the termination

depth of the deepest boring (25} feet).

All of these soils are of alluvial_depasition and the deeper.
soils aré'highly preconsolidated (probably from a combination
of desiccation and overburden pressures which have been
removed in past geologic times). There is also some probable
cementation of the more sandy soils. Conseguently,
essentially no settlements of the undisturbed soils are

anticipated.

Results of the Atterberg Limits tests indicate that the upper
sandy soils possess only moderate volume change (shrink/swell)
potential that may occur as a result of seasonal moisture
variations. Although the deeper c¢lay éoils have very high
plasticity indices (PI), some swell po;ential should never be
realized since the site is in an area of fairly high year-
round rainfall which tends to maintain an eguilibrium soil

moisture.

ANALYSIS AND RECCMMENDATIONS:, -

The only‘positive method to prevent distress to a grade-
supportaed slab when underlain by expansive clay soils is to
structurally suspend the slab and isolate it from the clays.
The large size (55' x 700') of the proposed structure for this
project and the intended usage of the structure almost
certainly renders a suspended foundation not economically

feasible. We understand that considerable £ill will be
Bequnes 7o Acpleve Fiumspl FLeof ELEATIou.  IF Loy
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plasticity material is used as fill, particularly if the f£ill |
thickness is uniform, differential slab movement from heave

can be minimized.

We understand that the soils from the area of Boring A can be
used as £ill. The upper 5 feet of soil in this area is
essentially non-plastic and would make excellent under-slab
.£ill. Even if blended with the underlying high-plasticity

clays, suitable fill ¢an result. A blend of all of the soil

to a depth of 15 feet was prepared and Atterberg Limits tests
performed. The Liquid Limit (LL) was 37 and the Plasticity
Index (PI) was 23. A Standard Proctor moisture—-density curve

for this blend is a part of this report.

We assume that a balanced cut—-and-£ill operation will be
performed within the buildiqg limits prior to placing imported
£i1l (from Boring A area). This will result in a uniform
imported £ill thickness, which is certainly desirable. We
also assume that the fill thickness will be such that the

structural footings will be situated in the fill.

Roof and wall locads may be supported by continuous or
individual footings situated at any convenient depth (at least
2 feet) below finished floor elevation. The footings should.
be constructed so as to act monolithically with the f£ill-

supported floor slab and should be sized utilizing an

allowable load-bearing value of 3000 psf. This value is with

-5
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respect to shear strength (soil failure), contains a factor of;
safety of not less than 3, and assumes that the f£ill is
compacted to at least 95 percent of Standard Proctor density !
at, or near, optimum moisture content. If tree removal has
occurred or will be required, the backfill of stump hole§
should receive the same degree of compaction. :
Under this loading total settlement of the £ill should not
exceed 1 inch with i/z{inch occurring differentially (between i
adjacent individual footings or within a 10-foot section of
continuous footing). Approximately one half of this

settlement should occur during construction. The remaininé
long-term settlement of 1/2 inch (l/ﬁ inch occurring

differentially) should be tolerable.

LIMITATIONS:

The foregoing is based on analyses which presume the condition
of the soil properties in the area around the borings to have
a normally uniform variation of conditions revealed by the
borings. Professional judgements andlrecommendations
presented in this report are gased partly on evaluations of
technical information gathered, partly on our understanding of
the characteristics of the facilities. being planned and partly
on our experience with the subsurface conditions in the area.
We do not guarantee the performance of the project in any
respect other than that our engineering work and the judgement

rendered meet the standards and care of our profession.

- -
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Should any unusual conditions be encountered during
construction, this office should be contacted immediately so
that further investigation and supplemgntal information can be
given.

GEOTECHNICAL TESTING LABORATORY, INC.

Analysis by:
G. B. Mitchell, P.E.

NJG/trx
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LOG OF BORING

PROJECT : R&D Fabricating And Manufacturing, Inc. Boring : A -
Location : Colfax, Louisiana Fla : 3993(SE)
CLENT . Laldlaw Environmental Services, Inc. Date : 3/25/93
Dry Augered
No Water Encountered
zE Hole Remained Open and Uncaved
ZE |
{Bim) {tsh % (pehh % %
— o0—H Gray Sandy Loam Topsoil
- 3 8 N/H Loose Reddish Brown Sand
- 7 6
— 5— 10 12 29 4 | Loose Yellowish Red and Gray
—_ NClayey Sand
Hard Gray and Yellowish Brown Clay
_— w/small sand pockets and iron
—10— || 188 20 oxide staining
__15_2 58 24 Becomes red and gray w/yellow
streaks
_20_2 61 25 63 | 40
—25— 65 23
Bottom @ 25% feet
—30—
—40—
—i S
—50—
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LOG OF BORING

PROJECT : R&D Fabricating And Manufacturing, Inc. Boring : B
LOCATION : Colfax, Louisiana File :3993(SE)
cuent . Laidlaw Environmental Services, Inc. Date :3/29/93

Dry Augered

No Water Encountered

E E Hole Remained Open and Uncaved
oo
="

SRR

ik

%
rll

|

5
T

|

|
T

&
T

&
i

|

!
7

A
f

il

S0P E

Sid Pen v.C. M.C. Dens. LL P! Description of Stratum
ot () % | (och | % % :
u Gray Sandy Loam Topsoil
7 17 48 32 | Soft to Medium Yellowish Red and
0.83 119 Q02 Gray Sandy Clay w/iron oxide
staining
0.48 | 18 )05 |32 16 Becomes more gray and sandy
2.91 {32 {84 Very Stiff to Hard Gray and
. Yellowish Brown Clay w/small sand
pockets and iron- oxide staining
4.80 | 27 191 |67 40
Becomes red and gray w/yellow
streaks
6.95 [ 22 |95

~

Bottom @ 15% feet
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LOG OF BORING

PROJECT : R&D Fabricating And Manufacturing, Inc. Boring : C
LOCATION : Colfax, Louisiana Fie :3993(SE)
CLIENT . Laidlaw Environmental Services, Inc. Date :3/29/93
Dry Augered
No Water Encountered
E g Hole Remained Open and Uncaved
w g
o =
i sren | uc | mc|oes| w | & Bescription of Stratum
{bi/h) (1sh % | (pch | % %
— 00— Gray Sandy Loam Topsoil
- 3 15 N/Pl I.oose Reddish Brown Sand
- 13 20 57 40
- _ Stiff to Very Stiff Reddish Brown
— 5— 16 15 29 4 | Sandy Clay
— 10 27 N/P| Loose to Firm Gray Sand
—10— 22 19 Becomes red and gray w/yvellow
—_ I\ Streaks
e Bottom @ 10% feet
—15— -
—20—
—25—
)
—40—
—45—
_50__
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LOG OF BORING

PROJECT : R&D Fabricating And Manufacturing, Inc. Boring : p
LOCATION: Colfax, Louisiana Fie : 3993(SE)
CLIENT Laidlaw Environmental Services, Inc. Dale : 3/29/93
Dry Augered )
No Water Encountered
E £ Hole Remained Open and Uncaved
s

el

L
7

I
L
un

I

il

b
T

I
[ 18]
()]

|

|

I,
]

&
T

A
T

|

L
f

¢l]

SAMPLE

Std Pen u.C. MC. | Dens. | LL P1 .
P ash % (och % % Description of Stratum
L ' Gray Sandy Loam Topsoil
9 25 78 56 | Medium to Hard Gray and Reddish
2.55] 16 | 101 Brown Clay w/small sand pockets
and iron oxide staining
57 20
59 15 64 40
5.04 ] 29 | 88 Becomes red and gray w/yellow

streaks

Bottom € 10% feet
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' LOG OF BORING
R&D Fabricating And Manufacturing, Inc. Boring : B

PROJECT :

LOCATION: Colfax, Louisiana File :3993(SE)
CLIENT Laidlaw Environmental Services, Inc. Date : 3/29/93

Dry Augeraed : (.
No Water Encountered :

E g Hole Remained Open and Uncaved

w (3

o % |3

3 Sid Pen u.C. M.C. Dens, LL Pl Des'cﬁpﬁa‘ of Stratum
(/M) {sn % | fpch| % %
— o—H Gray Sandy Loam Topsoil
_— 8 22 46 30 | Stiff Reddish Brown Sandy Clay
—_ 1.37 ) 21 | 98 {39 20
— 5— 2.73 | 28 | 86 Very Stiff to Hard Gray and
Yellowish Brown Clay w/small sand
_ 4.821 28 | 90 |66 42 | pockets and iron oxide staining
—10— 4.21 | 25 |93
— Bottom @ 10} feet
—15— -
—05—
_— |
—40—
—45—
—50— )
GEOTECHNICAL TESTING LABORATORY, INC.——



LOG OF BORING

PROJECT : R&D Fabricating And Manufacturing, Inc. Boring : P
LOCATION : Colfax, Louisiana File : 3993(SE)
CUeNT : Laidlaw Environmental Services, Inc. Date_: 3/28/93
Ory Augered
No Water Encountered

ZE Hole Remained Open and Uncaved

-

I

; Std Pen u.C. M.C. Dens. LL Pl Dascription of Stratum
(o) itsf) % {pch % %
— 0— Gray Sandy Loam Topsocil
—_ 0.327 31 (102 | 47 30 | Medium to Stiff Reddish Brown
- 1.23 ] 29 | %6 Sandy Clay
— 5— 2.65 ] 31 {83 |68 47 | Very Stiff to Hard Gray and
- Yellowish Brown Clay w/small sand
_— 3.61 | 25 | 88 pockets and iron oxide staining
—10— 51 23 66 43 Becomes red and gray-w/yellow
R streaks
- Bottom @ 10% feet
—15— 7~
— 20—
—2 5
[

—A40—
—45—
— GEOTECHNICAL TESTING LABORATORY, INC.——




" 'FICE PHONES:

Geotechnical Testing Laboratory, Inc.

. 8 443-7429 226 PARKWOOD DRIVE P O. BOX 7774
] 142.9879 ,
ALEXANDRIA, LOUISIANA 71306

2pril 2, 1933
File No: 3993(SE)

lst Report

Description : Moisture Density Relations of Soil
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APPENDIX 2-B
SOIL BORINGS AND WELL LOGS
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YIROGROUP WELL LOG

WELL NUMBER:

P-Z

PROJECT NLWEER: 07-020LL.01

PROJECT NANE: PRELIMIMARY GEOLCSIC INYESTIGATION
LOCATION: CILFAY, LOUIBIANA

ORILLING COMPANT: GROUNDMATER PROTECTICH

RIG TYPE 4 NUMBER: 839 '
DRILLING METHOD: HOLLOW STEM\MUD ROTARY
JEATHER: 8LNMY, TEMP. 95F+

FIELD BO0K MO ALP-1
J0TAL DEPTH: -180.0°
GROLND GiRFACE ELEVATIIN: 1%.&

QHELT:

ar:

BTATIC MATER LEVEL (BL3)

M e Drifling

A= ter Boring

FIELD PAITY. AN L. PIECHOKT Qesth(Ft] 0402 48 [-304.6 A8
' ' Tire 0723 A
GEILEIET: AL L. PIECHOKT Date: I8 |
DATE BEBUN: £/29/%3 OATE COMFLETER: 7/22/%3
x LOCATICN DIAGRAM
w| &
> W z rd
rD m - | @ Q
8|5 wig - £
R LAT = - 4
| 9] WIW]|2a| - ol .
I S| I[EFIHIE] ] €
- - alalnlalw - g =
Qo HIZIZ|(Z|H]Z{FH|4 = )]
i) o< | Cc|O|Ww|C| > ] L=
a non (OO (0|10 A I
10 —J —
I
[ T
1 4
L A I O I T T A e
gr=y to brown: nodercts d:r::i‘.':_.-; very dry E
with dark brosn to block anni: rcterial os '
LD siringez throughaut. ==l
1 5 e A e e b e ==
{ BAND. wary eilty, )
1 pals ysllonish brown 10TR &/ =
P A 1 AN A N B L AL
' SILTY SANDY CLAY, pals yallowish brown, 19 TR &,
- é h-_‘
L L SPNDSTINE, groyizh yellow gresn, SBY T4 =
T with horizmtal iron stoing
i) = gy |V
l
A l
10 j 5l
l ! i [ it [




.._.pt.— chilzhiies _..h. & .. 11t 4 diT K ] ,. sis ..- W ..._,. L by h H A H - "
e o B e B e A A L L L L D T e T T o P Al

e R T P e

S S
[SE ety sy pees;
Hipos

T

e I )

ellon gre

ovish y

-

hired.

-
With iron ag.nino, highly froz

highly fractured .

EILT‘I’GLM',llgh‘tollvcg‘uyﬁl’ﬁfl,

e o B I it e S s s e e B L B e T e S P WU .
. — — f —1 L— 3 A.|..m 17. — L—] = L—1 ."m —r — L1 L= | =~ = L ]
- i = =i = =j =] w3 g — o3 =4 = b i i = Wi A




RIS Nwdﬂdﬂlﬂ-lnﬂﬂﬂletl T, u...l.l... 4...

HEUEIE RIS SRS N D P D AR A P

R A R

e e e e e T e Ta D T R T L T s R o (s e L D AT S s A T L AT

.|J S, S i3 — -t = Pt ]
BpEE T S ..I.Ifl.n\ﬂ.'fhll;ur' foeed Tii el ..ﬁqn'\r_“.LL\\.rl.(n_“k.fq eIl L q»LI\fnllL Ll Y

[

o H]
o []
: i
: i
Z Z i!
. - . . 1
: : i w

' : b, B

! : e :

: m ilo :

H : H HI)

: i : oL

: : ‘g L

i : ‘e P

: : ;o Fha

: S i = S

: H ) T — s

: H ] ! —

: s I~ e

: : i e ®

m S = e

: 12 Pty &5 h

P = . P

Im I ;o0 e

i ix W, =

1 s 6 =

‘e : = T

1. Iy He e

im 13, = = B

(= ] fo iro X

=~ = =
L T T ————
o5
—_— . _ +

£
3
0.
LN




o
=

w0

&0

.0

Xk

)

ik

i

2.4

per

-

s

——t—

CLAY, olive gray, SV 3/2.

\'-.\‘. \‘.\\\'s.\‘ X

;'\"‘\\\\‘ \\\\

E\\

VALY
}\ “k\ }\\\\

SILTSTNE grayish gresn, 35 ¥/E.

CLAY, grsenish gray 67 V2.

O
i

) b ot €
Y L

S EA L

p o

yar.

i
TIC P

p

=

L,
.

o
(e

| -
-

O T M
Ay ey
F . -y

O R
i ARl 2
i T

Ry

g
[

T T T R
AKX

e
K ...r-:

o
- l‘-t"(:

e

———

P e

—Ake
o

yes

'__“"._::‘."-\?'-_.
T

e
=%

T
-
[
i

$ %

2

e
2

P

=, T

£

L
f

o
s S L.
R i

ca

ST L TN AT TR TN
i R b
-l

i

T

v T

e

-,
< 4
e

(el e
Lo F1F
s

e
AT

g
Ey2 aiye)
.

P

- T
4 e

- -




X

.0

1.0

8.0

o

.0

LA

0.

i

B0

%.0

e

1.0

4.0

21

B

T

——
At

GILTGTINE greenish gray, 3BT B/1.

L

F e o
A

AR

';_;_:.-:"\ e

-

0‘?‘\.“ <

X

3

AL

)




S0LTY (LAY, greenish groy, Y 42, AT
contoins Fossilized leof Fragremis. Tl

B4 7

STHHILE
)
§

3

{
b

L

I_-I.

‘i

Hhlms
e i

10007

o+ |

1030

110

10504

1m0~

oo

=
P~
{

ey
gl |

+ - lﬁ q"

Py EUNy

L
r
F_ i

a
-

T Y ]

st

1

e,

U 5 N i
- LL-\I\’ F:i
BT

qra- ,:‘ ,'--:_
1 i.‘l.'\. r}l
13- Hfj !:}. .
I il G

-
= My

oo
s @
h

2

1104

.?\-

e,

,,_
o
it ey
.?

S AR

T Ty

JILHE

1]
-
3

T
[y
| S

T
X
i
o
A




20

1337

X0

BILTY CLAT, 36 472.

Ly

A

Hh

Iy
!

K AT P e

Stk

SR
i X 3

-

N o Oy el

-
ol 1
S

=

.
L
L

e

e,

CEvy

e L

e ] L
o -
U P W T o A

—
g el
s

3 ."'.“'"—
=TT
¥

g e
A S En R

-

BLIRL

»

-/.'r

T = L

_‘,
) ;
RN e i

W

o

e
img ¥

tovyteys

=y
[
L

g
255
v

-t
-

Iy e




1 i

AR

el

H

n1. .n:
Juwuamymhr
L - e

—

T - el

R P T
el - y B [
A

“.mm

[RINE LT

wp 8 S

1!

T
s i
1)

S eele

.M,.,.—u

Dol e n i es sout D O3

R srerveny by ) busen

E
‘9
o
: _E
‘& h
imn
573
By
‘g B
EF d
ms [

CLAY, oliwg gray, 3T 372

-

ﬁ

>

LEE!

4.0
20+

1887

40+

!

£0

%0
LR

I

4

av!




WELL NUieEF:

VIROGROUP WELL LOG

P-2

PROJECT NLMEER: 07-G20L1.01

PROECT MAME: PRELIMINARY GEOLOBIC INYESTIGATION
LOCATIOH: CILFAX, LOUISIANA

(RILLING COMEANY: GROUNGHATER PROTECTION

RIS TYPE 4 MUMBER: B33

ORILLINE METHOD: HOLLON STEM

FIELD BOGK ND. -
TOTAL DEPTH: 53.0

ALP-1

GROIND ELRFACE ELEVATION: 163.9°

gHEET:

ar-

BTATIC WATER LEVEL (ELE:

iD=t la O liimg

Ph=if't=r Boring

IEATHER: ST, 95+ Dethlftl 0.0 /8 176 8
FIELD PERTY: ALAN L. PIECHOCKI . P
, Tine 1200 71z
BEALMGIST: AAN L. PIECHOGKI Duts: /3% 067574
DATE BEELN: £/2/92 BATE COMPLETED: 7/1/9 =
r LOCATICN DIAGRAH
Ly | o
Sl £ Z
oo - | =]
815 WG = u
o |Z2|¥]> |49 - 4
Lt WlW|AL - | -
I Jia|lJlE|H|x]|* a <
| = - O [+ 8 a 14 iz} (W] - - =
L |HE [E(E|IH]|Z|-{C E i
w Q<C L Cjojw|{ €| > H W x
o e |ajdjE{c}Z|0O J I H
30
1.0
10 -{
By 4 D[ | [ v srsecresceeessses s sassses e s s
13 | TP S0TL AMD CLAT, with tracs of silt:
T ray to l:r::ur' roderaots dengit viovery gy
_|L with derk brown ta block cr:;-n: natarial o=
L) | -‘-rlng.r: H'\rm.rm*
19 T
|
]ﬂ T Ql ........ Cmr}ulmTPmaellrsmﬁn .................................
g 1 e
oo [ SMNDSTONE, very =ity
T pale yellowish brawn ;JH bz
. 0 by very Fine.
5.0
10




§I Ialu.u‘ﬂdtdlﬂrltdq q
] .\..- T l.-.un... ._r\T.( e " &
n i,
.IFI . 5! ..h “ ] 5 15 3 i

. @w Al

P T T R T
mﬁﬂ.ﬁ;w“m_ﬁmi.nu%\f* uw u.—._.

.ll.ﬂ Y ey —rm . J— —pr
SR .._l..v JJ\( .-udn.._.._ et ..1. I|n.c.-r..:r|M..A'4¢1_..|J ﬂ

) T »
B (EREEVHEERRE e Ui d..-l.nf o e "

allowish bremn
y Fire, with hozotel
P

yc“omahg*ayﬁ]’?/z

Lpnle;
VR

With horizontal iron etaina.
F

‘,-

ircn =toins.
rr:é domnmwerd fo very Fine

TSILTY GLAT,
SILTY CLAY,
Cearaini
siity aa

9A3TOM
10¥R 6/2

¥
¥

+—3 . N . ' . N M N s +
T LI L B ' g At
B. - -“t p——] ﬂ'- -—3 — L—J E— [ ——d —d —
o . = = < 3 o s 3 : H o = == ~ — - - ; —




13

Hi

B3

AL

N

11

—

—— . b
¥ —t

}

}

—

—T

6L

STV AT Tigh ol ve o
Srae. Y

CLAY, g-nyizh alive gresn 56Y 3/2.

4

B
Py vl kg 1 ove et [‘:‘E

i iy
. 3

Ru— P

B Ty T e




L]




VIROGROUP WELL LOG

WELL NUHEER:

MA-1
PROJECT MIMZER: 07-020L1.01 FIELD BOCK N3.: ALP-l
PROJECT NAME: FRELIMINARY GECLOGIC INYEITIEATION TOTAL CEPTH: 1.0
LOCATION: COLFAX, LOUISIANA GROLND EURFACE ELEVATION: 153.9°
ORTLLING COYPANY: GROUNDMATER FROTECTIIN SHEET: aF
&ER_ o ‘ \-bbile Orillirg  #8-Hter Boring
‘ " Depthlff]  |-5.2M8  |-1548
FIELD PPR'!I'T. ALAN L. PIECHOCKL Tire 0700 0755
EOLOGIST: ALAN L. PIEGHOXE Data: W 0%
DATE BEBUN: £/9/93 BATE COMPLETED: 7/29/93
= LOGATION DIAGRAM
| e
> | W £ Z
rﬂ m - | & a
8|5 k18 - F
AR EAEIE B 9
iJ | w3 - - -
s JlalalElH|E] a] T
= R calafn]@fW I o =
e |RElE|E|E|2]|x| = 30
w (=3 o T|C|O|lwWw|[€]| > M W =
6 logla|e|Ejo|3|0 i A
———1
10 —
Lo
1.0
A L A A T GO A KT i s o sl
gray to broun; soderote density: very dry Y
I Rith dark Srowe to hiack ernic acterial c= "'ji
13 ) =ztringers throughaut. a
T b
10 4 T N i€
B SENDSTONE, vary ailty, W
pals yslfowish brcun 107R 6/, F;‘t:-'j
PR S R N U U R R o VB TN e 0
' T SANDSTONE, pals yallowish brown tf‘
107R 672, vary Fine, With horizontal 5
T iran stoins. L&'
5
19 A K A
| i
i s
1
)
X 2nd
L e L ¢




fea
e
=
-
HC
¥t

alionish or
tal iron sg

with horizm

3T

...;J
ﬁw

_.:

=T

nﬂ“r
¢~u—hh. 3

_,.rkﬁ .

u\uuwu

h.-

u..

PN AT | ‘Uwrl..(.. .\... .q.qf.. D 31
Flfl

3
v:ﬁw"mwﬂr
:.w
nL.u_.T..\h

Y

m:

n\: ..\Iq
EE LR

"._wh_ o

G

i

ll\l.

*
i-1

Al
L
_n_ar J\umf*
.u\ﬁ??n.h;c.u_w 1

L et O e
e L

2203

>y

] nu

_\w: J
L
:_..Tn::
_...._.::_.

MUY

I

=8 S Y B RAY 5 _LL;.

uu.q.nlll

= .\fnl

‘.\I.
Gy CRLEFI T,

m_m_

T
[}
13

7 \.l..ln‘.q l.nl‘ T N“I...._A ¥

L i

\ll.‘.- LI\K-.I:L'

ull\ v

l“ 1
il TIGY el 20t -l Lo

b/

::3 dornnard fo very Fine

S]lrffﬁm,f:ui:nth,
coaraini
ailty sa

u..n.w..d...ﬂn

P

J..w.I\-PLI\.Mul.p

T

BPN[BTEN[,puhy:”ml:hgmf5\'7/2

A N T A N S S R AT NI TR AT E T
Sy

Ll E e T

WL Vi

=
[}
1
.
[ ]
r
t t —+—+ 1 t + + A p——p— A ————p t e
B, = = > faa | o w3 g =] =} 23] = = =3 | i | &1 »3 3] *3 o HL




X1

1

1o

A

n

Xl

I

)

g:N

1.0

4.0

Al

fi.l

£

a1

Bl

§in

ER-TY M-y, WIINE YLW/f, BY Q/9.

CLAY, greenish groy, 96 5/2.

SILTSTONE, licht olive grey, ST 3/2.

SILTY CLATY, dork greenish gray, 56 &/1,
with bioturbidation.

—— AT T LLraad, b b A rat wre

——

TN

1;1’)

b

i

] l'tf—:
LIRS

;
f;l
1
1

Tre Ta o
f-f
o
f;t 3
.;r«,%,"’s
CHr i oesteTT
252

P ek ¥
gy ok by oy =
Fnﬂmﬁdﬁn el &“Q
ke o oy ke ]
Py Y
Fq. ok o w1
W

]
-7
—_—

T
L

il F O
Hal a2 N gHy) T,

)

L R




gll(.. \V.Il..f\ -
;..v.lﬂrr.w

Au 1441-14..4.4!.11
e T e T SR s T s

be ..,. AHRRAHRARHE Pifiza ity wu\.m\_w%.*lﬁwrl».—\

5
g
=
B
‘%
: 8
mg
iy ol
2
i
=
o
mg

3T 6/1.

8H.ﬁﬁ.h‘fo|wagmy5']‘3/2

BTV LAY, gresnish gray, |

—+— 1 t 1 t t t -+ —+— b ——t—t —+—+— -
== — L d E— — L — b n-. = - — = - — == Lt L~ = [x=+1 - L
ol e r 43 =+ [ = R ) o = = b o =2 o= t= B H = = #d




J

-a....h-.lr .Lh._...u.-

SILTY LAY, groyish alive LOY 472,

contoina Fossifizad leof Frogremts.



IMUQAWA;

,mw.lu..ddl.?].!.lw...f R TR TR T R TR I T T TS

s T = PR Ty kY sl .._.4
L O, vuwlx.rl,lurluv;uwlfrrl..rh\rhr RO ESIREERY .

13
amwh -mw 1554 .rbm.m.u.-

- b% RN s e o T
...A.\...n ..A..u..\ .A.-A....J.\l..hrl..pl.&wr.. u.\m.ﬂ.lﬁ&. b]

‘1...4
fl.pl.l..r

..uqr.lam..w...g 1 ﬁim.ﬁ., u;:ﬁ |
ﬁﬁ.é_m_ﬁi mﬁ:ﬁﬁ
i wﬁ& ME
3

P iR e
" RLTL AL AT Y

oy
]
I—
)
‘o
ik
T
-
=
g
&
L b=
e
Dh—
o
iuo

wel

fon
Lo
o
H 4+
: Lo
: Bw
-
REG
PR
m!v,..u.w
Fa

mEW_m
i Taf
=t
LA

b

mrr.f!:i, rmlng
botton € Foot, very

rediun

Ir

Bl

+ 3 —— e 3 4 —
N 1 1 v 1 ¥ N 1 M Lf
(=4 (=) = [ ==]
_— - - .
=® 3 =1 =S H =3

)

18.

03g

- TTIJ‘T!T;IT.--

4




¥

133
130
120
]
120
1230
124.0
1.0
150
raflt
280
130
1390
i

=] (=) =
"

u 3 7

LY D M\V

e |
L= b L=




VIROGROUP WELL LOG

WELL NUNEER:

HHZ

PROJEGT MUHEER: 07-C20ll .G

PROJECT NAME: PRELTMINARY EECLOGIC INVESTIGATION

LOCATION: COLFAY, LOUISIAMA

FIELD ETK KO-

ALs-1

TOTéL DEPTH: 40.0
GROWND SLRFACE ELEVATION: 183.2°

OPILLING (GHPANY: GROUNDWATER PROTECTION SHEET: oF -
r .
EZE: ; :E ’T‘HJ“BE_%LBLSUZ . STATIC WATER LEVEL 19L2)
EATHER. amhrguécr* \Deithi e Drillirg  ABeAézr Boring.
FIELD PARTT: ALAN L. PIECHOKI lepthift] _ |2LBB8 iR
A AL, Tino £e0s 1312
FEOMGIET: AM L. PIECIONE Date: s (s
(ATE BESUM: /139 DATE COMPLETED: 723D
= LOGATION DIAGRAN
w| &
AR z rd
=l m - & m
815 Lig - g
o 12| B~ |YI8 B 5
L WlWiad]| - ] -
I _.l Jl d =] * [} i
b= - [+ 1 B + [N I .
.. |AZ |E|E|H{ZiFIL - 16
u (=B < € Q Wwij|> ™ w X
(w] [ mlw|EIOQ1Z|0 | I H
11 1
¢ T
|
[
10 I
0 _|. 13 T TR OO OO P SO RPR PP PpIOPS
' TOP 30iL AMD CLAT, with tracs of eilt:
rov +o brown: scdecois ir‘.sif:g; very o
L. with dok brown fc blzck ergenic roterial as
2 "i'; | =irirgez throuorous.
||
T
o
1 o 5L
a 3 I AT et
GANCSTONE, pale yeilsdizn zrawn, LOYR 8/2.
) - - 3
i
50 4 ¥
I
i3 T
' | |




14 T 1?5‘ i &
gn -1 IRl I 1 1 1 e LR A T e L L LRI TR il |'-J
GLAY, yallowish gray, 5V 7/2. by b

~ Sl
-] -'.___1.\' =1

BT SHISTONE. paie yslioaieh brom
1 101R B/2, very Fine, with horizontol
e iren =toins.

Hﬁwr,v
Jadouy ] -

28 1

at 1

M : :
SN0, yellowish groy, 51 7/2 nedim,

t well agtcd NC”BFOUFde, Hith

5 4 horizontol iron ataina.

5o

oA

80 4

=

P

i

Ry
Al

i I Dy Tl
z) L

i
‘-I

.

i

=

j]r?-

i

Al ety

T T H K e Ll [

RIS

L]




13 7

190 4

7 4
l
. 4 4

Ho -+

50+

1
LY

|  8LLTY CLAY, groyizh olive green S6Y 3/2
T very hord.

B) 4 D) ¥

w ]| B

8 T

AR

R @RS -~ — - = e e



VIROGROUP WELL LOG

WELL NLEEES:

tc-1

PROJEGT NUHEER: B7-020L1.0L

PROJECT NAME: PRELIMINARY 6EOLOBIC INYESTIGATION
LOCATION: COLFAY, LOUISIANA

(RILLING COMPANY: GROUMDMATER PROTECTION

RIE TYPE & MINBER: B33

ORILLING FETHOD: HOLLON STEM

NEATHER: SLMNY

FIELD BODK NO.: ALF-1
TOTAL DEFTH: 32.0

GROUND ELRFACE ELEVATION-
SHEET: o :

1838

GTATIC MATER LEFEL 1RLS)

MO=While OriHling pE«ff4er Foring

FIELD PARTY: ALAN L. PIECHOCKT
ERLMIET: AL L. PIECHOGKI
0ATE BEAN: 9/14/53

ATt EGHALETED: 5/14/9)

Qegthlft) S00BE  {-l4f 86
Tire 1434 1508
Onte: 05/ 1% 051493

L
& LOGATION DIAGRAH
wl|
> W £ Z
[= | - Q
AEIREEE N
o [Z1ZIH |48 A g
Ld WlWw]|2f k- -J -
I Jiald|eHlE) 3 T
- - O ajla|lNlalw u ol - =
¢ |HE |E|E|R|Z2|E|E - a0
u o€ T|lC|lojw|€|> [} W Z
o |oo |u|lwl[ElalI]|0 2 ZH
i D I v ooy I
TOP SOIL AND CLAY, with trose of ailt; R B :
1 gray to brown; modergte density. very ;&*{ \
. with dork brown to block argenic ncteriol o g
Ly stringers throughout. i
28 11 TR T b 1 T b P I ; -::;
J CLAY, with troce ailtf, 3R ¥/E. o1
1= ;;
17 - 3
il o
gy 4 Y SO O  PSSPNTP IS TITY
CLAY SILT €AMD, vary ailty,
T pals ys!lowish braun 10TR &/,
oy - very Fine.
SANDSTONE. pale yellowesn brow
1TR 672 wery Fine, with horizontal
irgn staing.
i -
03 + o
|
LI -l !




Ll
Bo+
14t 7
KRS |
6.0 T
1l ‘L
180 =
B[+
0
U T

21 <

@i
50

a0 T

+

63

P |
t

e =

=] <

i U
—

[ =]
—t—

SN0, very Fine y=llowish gray, SY 7/2.

SH'.'D,redlm,us!lecr‘taduellmundad
ole olive, 101 6/2
ining dourkard ta very finz

silty =ond.

10
"!I\-‘!gi_."- f!

5

-

X
w Alarird v
[TYrETivingy)

“3: e

LT P TY T

IR et

wohn
10
M T P Ty vy T Tl

4

PR

s, i es DR 10004. 0000

B

=)
- ]
woBdila . goida. B LML),

BN
i’-‘}‘| ;_-.l:- 2%

e

%

S
BERH

$atE]
i
712
bite

&
i

B Rl i b Bd. ¥4 o

It

w
v

S
i A A

- el

e 6%
I I XL

s
v,
L i




! 1 ““.--.u-: i H .n T M R i Lo " -q: :-u_ e .-I. ."
. cnp.. .... ...u....u...... . ..” ' .w...

ﬁg_ﬂw

ET X3

e

-

ive aresn

i with silt.

r:,E:urly::rfed,

pale alive 10Y &/

vary hord.

T
TBILTY CAT. grayish o

—f—— 1 t—— —t—t - —
= 2 | = = = - = o b ¥ ) w L= o i 7] b= 2] =3 b &




VIROGROUP BOREHOLE L.C3C3l47

PROLEST MUNBECR: OT-0f01L.01
PRCLEDT NArE: PALLININARYT
LOCATION: COLFAX. LOUTISIANA
CAILLING OOrPAMY !

AID TYPE & NURDER: POY
CRILLING PETHED: HMOLLOW 8TEM
LEATHER ' OLODUOY. 0

FIELD PARTY: AlLAN L. PIECHOCKI
AcoLGaIST: ALAN L. PIEOHOOMI
O~TE BE0UN: JE/SEESTD

SEOLDSIO0 INVLSTISATION
LAYHE ENVIRONMENTAL

FIELD G00K MNO.

omoUND
o-EET

TOTAL DCPTH' —48.0
BURFACE ELEVATION!

mm-s Borehole Number:
P-4

i89.8°
ar.«

STATZIC HATES LEYEL

1082

HO=ph |ty D1 (! ing

Af=f"tg~ Doricg

fer =l

OATE CCHMPLETED: LESEBS3S

£
g

:
:

AL

’A\i[l LA

g

iyl

&

LIOCATION QTAQRAH

[ISTALATION

| ITHoLOEY

ot

0

Ta

.0

2.9

11.0

£4.0

3.4

™. 9

T a

9
a

3
o

W
=
©

4 % % 4% 4 ¥ b K

I T R e o s . L o ol o ot et S S S AP SSUSDY (PR VI PO PR PRSI IR R NPV APV PRSPV PO VRN U SO B I

TR Tranm
Te darn

TTYaeT enn. ANO ‘slAT
Qra akl nad--—
-y d-f'il br'o-ﬂ
atTr lngers Throughs:

[9R T PP Y R

ERTTOAEE

“ECHEY SICEERne e T T SRR
Y RICT Ehma. vary tLid iz

oy Flra®

"""" T pol. {"1nu1-ﬂ O
2z v —i*m herixon+al

“Handdtong,
L
~an arTo

CRILTY CUAY, T

T@AND, ey Firw el iemwh gray,

e | e Y e 17 R
Fnl. i ve, Lﬂ u/z
ArAg damfaasd Ta vary ~ime

wii¥y wardg.

=R R A4

‘w, gOG~iy so-+ted’
pals aliva Lav-h/g. [ORE -

"!:Lf' LAY

SR

bt e dre
Tz _Bleck ergonie materic) ew

SR g e

baTi";Hl]B:"B;B;;"IGYQ"ﬁ?zr"m""”"'m

S TAE T

“orayieR allive areen 30T J 27 T

|

%//




[

VIRCGROUP BCORAEHDOLE I.D"Jl

PROJCOT NUMBEA,
PEELIMINANY BEDLDWID ITMYENTISATION

AEOQUEDT A -
CAFAK, LOUIOTANA

LOCATION,
OMICL~E
AIs Trrc
OMILL Ira
WEATHEM -

FITLD PARTY.
OCoLCOIST -

AT PEJUN.

COFFmANY

4 MUMBEM .

ACTHOO ' HOLLDW WYEM

aLouUDY. TErwt. 30

AlAMN L.

A b, FPIEDHOOKT
b+

oOT-08011.04

LAY ME ENYINDNAENT AL
[ L]

FICOHOOMT

DATE CORmDLCTED. I Cu 33

FIELD BOOK MNQ. .
TOTAL DEFTM: oggD, D"

QAOUND QUAraCT tL:VAT¢ON|
W-EET !

P-

1l9=.0"

sr-s Borehole Number:

5

ETATIC WaTERA LEVEL {SLE8)
T O

E.O

1.0

0.0

1.

1.0

5.0

6.0

T

10,

43,

16.

LT,

ie.

1.

4.

aT.

.,

.

»
H

o

£ 8640 8t 8

]

=

=

E

H

P P | -lelu |

L R R L R B e B T ot EFA L KU S PR I N

LOQATION DIAQRAM

£ 2
)8

DTy

JAIER LEL

 IEHL.6T

o

[METHLLITON

.u¥a;"iaic."" m

ara
273K Z3~2T5"a *a

miriNgans YReSooRau

TTmNE TN -y
e2iz ptil

-'4¥va

AN

dLTY CLAY.

-A~=-7u~: Tpaia
TR ren atTolina

) pul- Y-
Ro~"Romval?

TELAY

wuY eh bromn LOTH 6/;

“polae yal TonwleR brown CLOTYE ESa”

T el Tva ‘gra:
l=an 01.? v

gark orewsalsh o

;ZT

I Iow'i we gra
Sovrdnd.

ety e W e

:

claak argenia ratarTaY aa

R e

Ty ey e

CauES eRa e SR

N Lk P

-l L o
wtaim

LAY




APPENDIX 2-C
GEOTECHNICAL ANALYSES



o Geotechnical Testing Laboratory, Inc.

P Pt 226 PARKWOOD DRIVE P. 0. BOX 7734
|."‘X" 318 443-1305 ALEXANDRIA, LOUISIANA 71306

August 16, 1993
File No.: 11393

3rd Report

Description: Permeability of Soils
Project : R. & D. Facility, Colfax, Louisiana
Reported To: Viro Group, Inc., 245 Antibes West, Mandeville, La.
Attention: Mr. Alan Piechocki
Dear Mr. Piechocki,
Below are .our results of the remaining two soil samples which
were obtained by your firm from the above subject project, and

delivered to our laboratory for analysis.

Method of Tests: ASTM D1140, D4318, D2438-68

Sample I.D. p-2, l6'-18" p-3, 4' 5'

Soil Description : Brownish and Blue Gray Sandy Clay
Gray Clay

In Situ Moisture, % : 40.7 17.3

Dry Unit Weight, pcf : 77.3 ' 188.0

Liquid Limit (LL) s 100 43

Plasticity Index (PI) : 31 28

Percent Finer Than WNo. 200: 94.8 50.5

ASTM Classification : CH CL ¢

Permeability, cm./sec. : 1.4 x 1072 3.6 x 10

In accordance with your verbal request, we will be shipping the
leftover portions of soil from each sample via U.P.S.

It was a pleasure performing these services for you. If we
can be of further assistance, please advise.

GEOTECHNICAL TESTING LABORATORY, INC.

/{;vﬁ (::%oélbb

Ken Gorsha
President

2cc: Viro Group, Inc.

KRG/kgt

A3 8 mutual protection to cliants, the public and curseives, oll reports are submitted as the confidential property of elients. And authorization for publica
tion of statementy. conclusiona or extracts [(rom or regarding our reports is reserved pending cur written approval.



s ronss. 0€Otechnical Testing Laboratory, Inc.

318 443-7429

318 442-9879 226 PARKWOOD DRIVE P. 0. BOX 7734
.of- 318 4431305 ALEXANDRIA, LOUISIANA 71306
| August 3, 1993 AUG -3 1555
{ ‘File No.: 11393
lst Report

Description: Permeability of Soils
Project : R. & D. Facility, Colfax, Louisiana

Reported To: Viro Group, Inc., 245 Antibes West, Mandeville, La.
Attention: Mr, Alan Piechocki
Dear Mr. Piechocki,
Below are our results on two soil samples which were obtained
from the above subject project and delivered to our laboratory for

analvsis.

Method of Tests: ASTM D1140, D4318, D2438-68

. Sample I.D. M.W. 2, 9' - 10" M.W. 2, 39°
Soil Description : Gray Clay w/traces Gray Clay w/sand
of sand seams and pcckets
In Situ Moisture, % : 37.4 17.8
Dry Unit Weight, pcf : . 83.3 10¢.1
Liquid Limit (LL) : 73 50
Plasticity Index (PI) : 54 32
Percent Finer Than No. 200: 98.1 68.6
ASTM Classification : CH CH
Permeability, cm./sec. : 4.0 x 1073 1.1 x 1076

o

t was a pleasure performing these services for you. Please
contact our office if you have any questions concerning any aspect
of this report or if we can be of further assistance.

GEOTECHNICAL TESTING LABORATORY, INC.
Ken Gorstia
President

2cc: Viro Group, Inc.

KRG/t jw

As 2 mutual protection to clients, the public and curaelves, all reports are submitted as the confidential property of clients. And authorization lor publica-
tion of statements. conclusions or extracts from or regarding our reparts is reserved pending our written approval



oz monss. r@0technical Testing Laboratory, Inc.

S s 226 PARKWOQOD DRIVE P. 0. BOX 7734
{ R ALEXANDRIA, LOUISIANA 71306

August 6, 1993
File No.: 11393

2nd Report

Description: Permeability of Soils
Project : R. & D. Facility, Colfax, Louisiana

Reported To: Viro Group, Inc., 245 Antibes West, Mandeville, La.
Attention: Mr, Alan Piechocki

—_.——.-.-————.———-.-—_————————.—.—__...__.—

Dear Mr. Piechocki,

Below are our results on two additional soil samples which
were obtained by your firm from the above subject project.

Method of Tests: ASTM D1140, D4318, D2438-68

Sample I.D. M.W. 1, 104'-108" p-1, 3' 4

Solil Description : Gray Clay w/small Gray Clay w/sand
sand pockets traces

In Situ Moisture, % : 24.2 23.6

Cry Unit Weight, pcf : 86.3 90.6

Liquid Limit (LL) : 70 76

Plasticity Index (PI) : 52 51

Percent Finer Than No. 200: 93.9 94.6

ASTM Classification : CH CH 6

Permeability, cm./sec. . 8.6 x 1077 9.0 x 10

It was a pleasure performing these services for you. If we
can be of further assistance, please advise.

GEOTECHNICAL TESTING LABORATORY, INC.

Koo O atta

Ken Gorsh
President

2cc: Viro Group, Inc.

KRG/kgt

- - . il M 1 5
As a mutual protection o clients, the public and ourseives, all reports are submitted as the confidential property of clients. And suthorization for public
tion of statements. conclusiaons or extracts from or regarding cur reports is reserved pending our written spproval.
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GEOTECHNICAL SIEVE ANALYSES
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FINAL REPORT

GEOPHYSICAL BOREHOLE LOGGING

COLFAX R&D FACILITY
COLFAX, LOUISIANA

Prepared For:

LAIDLAW ENVIRONMENTAL SERVICES, INC.

COLUMBIA, SOUTH CAROLINA

JULY 1993



, , SUBSURFACE
DETECTION
INVESTIGATIONS

iNncorPORATED  July 30, 1993

Laidlaw Environmental Services, Inc.
P.0. Box 210799 :
Columbia, SC 29221

Attention: Mr. Sam Moore

Subject: Final Report - Geophysical Boreholé Logging
Colfax R&D Facility, Colfax, Louisiana
SDI Project No. 93761

Dear Mr. Moore:

Subsurface Detection Investigations Inc. (SDII) is pleased to submit the final report

. for the above referenced project. Our investigation was conducted in accordance with our

Proposal Number 93418 dated June 1, 1993. The final report includes a summary of the
methodology and results of our investigation.

SDII appreciates the opportunity to have assisted Laidlaw Environmental Services,
Inc. on this project. If you have any questions or comments about the report, please contact
us. '

Sincerely,

SUBSURFACE DETECTION INVESTIGATIONS, INC.

Thomas L. Dobecki, Ph.D.
Vice President Operations/Principal Geophysicist

93761
. "A Geophysical Services Company”
MID-ATLANTIC REGION CORPORATE HEADQUARTERS SOI.H'HWESTRECIOI'U'
7515 3road River Rood 7381 114th Avenue North, Suile 4058 11111 Katy Freewmay, Suite §10
Irma, South Caroling 29061 Largo, Florida 34643 Houslon, Texms 77079
(803) 749-3556 (800) 454-5DII (7344) . (713} 461-8929
(803) 7320185 FAX (813) 544-5020 (713) 465-0919 FAX

(813) 546-6282 FAX
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1.0 INTRODUCTION
1.1  Background
Subsurface Detection Investigations, Inc. (SDII) was authorized by Mr. Sam Moore
of Laidlaw Environmental Services, Inc. (_i..aidlaw) to perform a geophysical investigation
within a series of boreholes and monitor wells at their R&D Facility site near Colfax, |
Louisiana. Each of five wells was logged using geophysical measurements to provide more
detail of the subsurface stratigraphy at each well site and to assist in, possibly, being able to

correlate units from well-to-well across the site.

12  Purpose and Scope

The purpose of this investigation was to utilize geophysical measurements to help
identify specific sand and clay layers within five specified wells. Analysis of cuttings returned
during the drilling of the well did not provide a precise characterization of the actual deﬁths
and thicknesses of individual layers nor did it allow for correlation of layers across the large
separation distances of one well to another across the site. SDII implemented the following
scope of work to complete this investigation:

® Log each of the five wells using electromagncnc induction (conductivity) and

natural gamma radiation (NGR) methods; and
o Prepare a final report that summarizes the methodology and results of the

logging survey.

13  Site Description .-

The project site is located a few miles north of Colfax, Louisiana and serves as a site
for the destruction of out-of-date munitions for the armed services. A new segment of the
facility is being pIanﬁcd for the site, and a geological assessment of the site is being
performed by ViroGroup, Inc. (Baton Rouge) for Laidlaw. ViroGroup has drilled five
boreholes (MW-1, MW-2, P-1, P-2, and P-3) at four corners of the, approximately, 800 ft
by 500 ft area of concern. The five wells which were logged were accessible at each corner

of the rectangular site (Borings P-3 and MW-1 were within 50 ft of each other in the NW
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 site corner). Each well had been drilled and cased to total depth with PVC casing. The
. monitor wells also had protective steel casing risers above ground level.
The site was under construction, 50, numerous trucks, backhoes, trackhoes, and

bulldozers were active on and a.round thc s1tc The 31te area had bccn cleared of vcgetatxon



2.0 METHODOLOGY

2.1 Equipment and Principles

SDII employed the Gcomcs Model EM39 geophysical borehole logging system to Iog
the five boreholes. The EM39 system consists of a tripod/sheave assembly, a loggmg
instrument (sonde), a recording console, and a cable/winch assembly. The EM39 employs
two sondes for making the geophysical measurements: one sonde measures electromagnetic
conductivity and a separate sonde measures natural gamma radiation. The sonde is attached
to the end of the logging cable and the sonde is lowered into and withdrawn from the
borehole. The sheave unit contains an electro-optical device which provides depth
measurement (cable length). The depth measurement plus the reading from the probe are
transferred via the cable to the recording console. The sonde measurement is converted to
the appropriate physical value (either electrical conductivity or natural gamma radiation
counts) at the console. The console is controlled by a laptop computer which records and
displays the log data in real-time and also stores the log as a digital file. The digitization
rate is field selectable and was chosen as 0.1 meter (4-inch) resolution for this project. The
operating principles of the conductivity and gamma probes are discussed below.

The electromagnetic conductivity (also called "induction”) log operates on the same
principles as such common household devices as a doorbell and an automotive alternator.
The probe consists of two wound coils - a transmitter and a receiver coil. The transmitter
. coil is driven with an alternating electrical current. The current in the coil causes an
-alternating magnetic dipolar field through and surrounding the coil (just like the

electromagnet in a doorbell). This alternating nglagnctic field interacts with the geologic
materials surrounding the borehole and causes small a.lfcrnating electrical currents to flow
(by .induction) in these materials. This is similar to how an alternating magnetic field in a
coil causes current generation in our car’s alternator. As with the transmitter coil, the
currents flowing in the geologic materials cause their own magnetic fields. The receiver coil
merely senses local magnetic fields; therefore, it sees the primary field caused by the
transmitter and also the weak fields caused by the geologic materials surrounding the

wellbore, After accounting for the primary field, the recording console produces a
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measurement which is directly related to the value of electrical conductivity (inverse .o-f.
electrical resistivity) of the geologic formations. The conductivity log is affected by the
presence of water, the salinity of the water, and the presence of clay. Each of these tend
to cause increased conductivity measurcmcnts This partlcular log is valuable because itcan
be recorded in air-filled as well as PVC-cased wells. The boreholes at this site were PVC-
cased, so the induction log is the only means possible to determine formation electrical
conductivity. -
The natural gamma radiation log is merely a scintillation counter which responds to
the natural emanation of ganima radiation in earth materials. The most ubiquitous gamma
emitting roineral species are Potassium, Uranium, and Thorium. By far, Potassium-40 is the
most common and occurs associated with clay minerals. As such, the NGR log is an
excellent means of discriminating sands from clays as clay formations produce high gamma
counts. It is a very useful adjunct to the induction (conductivity) log as it helps determine

if a rise in conductivity is due to increased clay content or is due to pore fluid changes.

2.2 Field Procedures
The geophysical logging investigation was conducted on July 20, 1993. Five wells

were logged to depths as given.

Boring P-1 141 ft
Boring MW-1 135 ft
Boring P-3 53 ft
" Boring MW-2 39 ft
Boring P-2 154 fi



3.0 RESULTS

3.1 Geophysical Log Interpretation
P-1

This well is in the SW corner of the site and was constructed using a concentric
casing: large outside casing to approximately 50 ft below land surface (bls), central casing
to the total depth of the well. Figure 1 reproduces the Conductivity and Gamma logs for
this well. In a gross sense, we see that the upper 60 ft of the well is, dominantly, sandy with
a well defined, apparently clean sand from 28-59 ft depth and a shallower, clayey sand
interval from about 12-28 ft. The increased conductivity from 12-28 ft does not agree with
a decreased gamma over this same interval. We interpret this as being sandy (because of
the decreased gamma) and feel that the rise in conductivity is due to water in the annulﬁs
between the two casings. From 60-122 ft, the section is dominantly clay (high conductivity
plus increased gamma) although several thin sands are apparent (depths of 72 and 82) as
well as one thicker sand from 90-103 ft. The hole encounters another clean sand from 123-
134 ft and bottoms in clay. Although not presented in this report, seismic refraction near
Boring P-2 shows a quite hard layer at an approximate depth of 10-12 feet which
ICOrrc5pouds to the sand seen on the logs. This combination suggests that the sand is quite

hard and, so, has some cementation.

MW-1

This is one of two wells (aloﬁg with P-3) in the NW comner of the site. The upper
few feet of the log is not useful because of the ste'cl_ riser on the well. The logs from this
well (Figure 2) show a significantly increased thickening of the middle clayey section as seen
in Boring P-1; this thickening is gained at the expense of a decreased thickness of the upper
sandy interval. The gamma ray log suggests véry little sand in the upper part of this well.
The rise in conductivity is more than likely due to increasing water saturation with depth.
The same, deep sand as seen in P-1 is also seen in MW-1 although it is quite a bit thicker
(from 103-128 ft depth or 25 ft thick) than in Boring P-1 (13 ft thick). This suggests, as will

be detailed later, that continuity and correlation of subsurface strata are more dominant in



the deeper section. It would appear that the upper tens of feet are quite mixed and/or

eroded and discontinuous.

P-3

This shallow (53 ft deep) well is about 50 ft east of MW-1. The log (Figure 3), also,
shows a dominantly clay section although there is some indication of sand or silt in the
upper 5-6 ft. Again, there is a sharp rise in conductivity below 30 ft depth but without an
accompanying rise in gamma count. This rise in conductivity is Ukcly due to water
saturation. There may be some sandy intervals (e.g. at 16 and 29 ft depth), but these are
thin. The thick, shallow sand interpreted in Boring P-1 does not appear to exist in this part .

of the site.

MW-2

This is a shallow (39 ft bis) well in the NE corner of the site on the edge of an
elevation rise to the east. Again, the upper few feet of the conductivity log are distorted by
the presence of the steel riser. The logs (Figure 4) show a well-defined clay with a few sand
stringers in the upper 11 ft. This is followed by a well-defined, clean sand from 11-32 ft.
This boring bottoms in a clay formation. In terms of elevation, this sand layer is very similar

(a few feet higher) to the clean sand seen in Boring P-1.

P-2

This deeper well is in the SE corner of the site, some 350 south of Boring MW-2.
Its log (Figure 5) shows a, dominantly, clayey sch:tion below the first ten feet. Both the
conductivity and the gamma show a gradual rise from about 10-45 ft which is interpreted as
bcing.duc to increasing water saturation and a gradual increase in the clay content. There
are some, apparent sand layers (e.g. at 20-26 ft, at 52 ft, at 101-110 ft, and at 120-130 fr),
but these are thin The boring bottoms in sand (from 136 ft to total depth of 154 ft) which

is apparently clean judging by the low conductivity and very low gamma counts.



32  Cross-Section Analysis of Geophysical Logs
' Another function of the geophysical logs is assistance in correlating layers from one well
to another. Four cross sections (around the four sides of the site rectangle) are presented as

Figures 6-9.

P-1 and MW-1
This section (west edge of site, Figure 6) shows the lack of correlation in the shallow

" section and fairly good correlation of the deeper section. The deep sand in both wells changes
thickness, occurring at the same, approximate elevation in both wells. The shallow sand seen in

P-1 is not present in MW-1; a fact also seen in the seismic refraction data.

MW-1 and MW-1 .

This section (north edge of site, Figure 7) does not provide any clear relationships because
of the shallow depth of MW-2. We do see that the shallow sand is back again in MW-2 while
it is missing in MW-1. In this sense, the shallow scctions. of P-1 and MW-2 actually correlate
quite well. Perhaps this shallow sand is a channel sand and P-1 and MW-2 both intersect it.

P-2 and MW-2

This section (east edge of site, Figure 8) also suffers from the shallow depth of well MW-2.
The shallow sand of MW-2 is not found in P-2, or, if existent at P-2, it is very much thinner (3
ft as opposed to 20 ft). If this shallow sand is a channel, then P-2 is either out of the channel or
on the channel edge. : '
Pl and P2

This final section is along the south edge of the site (Figure 9). These two wells correlate
quite well in the deeper (below elevation 120 ft) section of the wells but not in the shallow
section. Below 120 ft elevation we see a correspondence of the deep sands at the bottoms of
each well and even some of the thinner sands in the dominantly clay section above (c.g. from
elevation 76 to 96 ft). Above elevation 124 ft, however, the two wells are quite dissimilar.



4.0 LIMITATIONS

~ The gcoPhyéicaJ asse;ssmént of the borings at this site is based upon our professional
evaluation of the geophysical data gathc'r_ccf ahd our experience w1th electrical and patural
gamma ray log properﬁcs'of the gcolbgic materials found in this area. "The g_eOphysicai
evaluation rendered in this report meets the standards of care of our profession. No other

warranty or representation, either expressed or imliiicd, is included or intended. .
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1.0 INTRODUCTION

1.1 Background

Subsurface Detection Investigations, Inc. {SDII) was
authorized by Mr. Sam Moore of Laidlaw Envircnmental Services, Inc.
(Laidlaw) to perform a seismic geophysical investigation at their
R&D Facility site near Colfax, Louisiana. An area circumscribed by
a series of five test wells was surveyed using seismic refraction
and reflection measurements to provide more detail of the
subsurface stratigraphy and structure between those borehole

locations.

1.2 Purpose and Scope

The purpose of this investigation was to utilize geophysical
measurements to help identify and track the continuity of specific
sand and clay layers along transects surrounding the site and

through its middle. Analysis of boring logs and borehole

.geophysical logs within the five wells show this site to have

rather complex subsurface geology. In addition, fracturing seen in
shallow samples taken during drilling suggests possible deformation
of shallow formations. The problem on site, as is typical, is that
the complexity of the subsurface geology is not adequately defined
by the few, widely spaced borings. Seismic surveys were proposed
as a means of interpreting geologic structure between the borings.
SDII implemented the following scope of work to complete this

investigation:

. Perform a seismic refraction survey and a seismic
reflection survey around the perimeter of the site and
along a single line through the center of the site and

L Prepare a final report that summarizes the methodology

and results of the seismic surveys.

1.3 Site Descriptiocn
The project site is located a few miles north of Colfax,

Louisiana and serves as a site for the destruction of out-of-date
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munitions for the armed services. A new facility segment is being
planned for the site, and a geological assessment of the site is
being performed by ViroGroup, Inc. (Baton Rouge) for Laidlaw.
ViroGroup has drilled five boreholes (MW-1, MW-2, P-1, P-2, and P-
3) at four corners of the, approximately, 800 ft by 500 ft area of
concern.

The -site was actively under construction, so numerous trucks,
backhoes, trackhoes, and bulldozers were running on and around the
site (high vibration noise). The site area had been stripped of

vegetation and was, therefore, rather dusty. Certain areas of the

. site had also been excavated below ground level allowing exposure

of subsurface stratigraphic units to at least 6-10 ft depth.

The site geology is dominated by clastics (sands, sandstones,
and clays). The sands ranged in hardness from very loose soils to
very hard (but still rippable) sandstones very near the ground
surface. Where exposed in trenches, some of the clays are quite
stiff/hard although not as hard as some of the near surface
sandstones. The previous borehole logging program suggesfs that
deeper (>60 ft, typically) units are probably continuous or at
least correlatable, across the site, but that the shallower units

are likely discontinuous.
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2.0 METBODOLOGY

2.1 Equipment and Principles

Seismic refraction is a geophysical method which is sensitive
to the elastic constants of the subsurface materials - specifically
as they affect the seismic propagation velocity of various media.
Significant factors which determine seismic propagation velocity of
a medium include: fluid saturatioh, porosity, degree of fracturing,
density, and rock type. Refraction is sensitive to both lateral
changes in material velocity (e.g. at the edge of a land£fill) or a
change in the vertical layering (e.g. the water table). The
principal requirement to determine the vertical layering using
refraction, however, is that the velocity increase with depth.
This is the normal circumstance, however, as typified by dry over
wet soils, loose over compacted sediment, and sediment over rock
situations.

The method requires the use of a seismograph (a sophisticated
timing device), an energy source to impart elastic waves into the
ground (usually a sledgehammer), and sensors (geophones) which
record the vibrations set up by the source (see figure 1).' To
perform a refraction survey, we record the time it takes for a
seismic wave to travel from the source to a series of geophones, in
a line, at progressively greater distances from the source. The
more distant receivers provide infermation about deeper layers
while the near receivers are sensitive to shallow layers. For a
simple, two-layered case (like loose over compact soil), seismic
refraction will determine the depth to the compacted layer and
determine the velocity values for both the loose as well as
compacted layer. The velocity is a measure of the material

strength.

Seismic reflection (also figure 1) is similar to seismic
refraction in several respects in that they use the same equipment,
seismic sources, and general field set-up procedures. They differ,

however, in the nature of the recorded information as well as how
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they work (the basic physics). Reflection records waves which are
reflected from contrasting layers in the subsurface (layers with
differing seismic velocity and/or mass density). Whereas seismic
refraction can only map a transition from a softer material to a
deeper, harder material, seismic reflection c¢an also map a
transition from a harder to a softer material. Seismic reflection
can, therefore, map the presence and thickness of a clay layer
beneath a hard sandstone; seismic refraction can only map the depth.
to the top of the hard sandstone. In general, seismic reflection
is a more difficult technique to apply, but when successful, it is
capable of seeing deeper and with greater detail than using seismic
refraction. We felt that the combination of the two techniques was
necessary to adequately describe the site: subsurface geology.
SDII employed the EG&G Geometrics, Model ES2401 seismograph
system to record both the refraction and reflection data sets.
This system is a 24-channel, digital recording system. The source
employed was a sledgehammer blow to a steel plate. This source was
preferred after initial testing of a variety of sources including:
electrical blasting cap, 12 gauge shotgun shells detonated in a
shallow hole, and an B gauge shotgun shell detonated in a shallow
hole. Because of the dry, loose condition of the surficial soils,
none of the energy sources tried yielded high frequency data
(because of attenuation of higher frequencies in the dry soils).
The hammer offered equal data quality to the others but offered the
advantage of speed (no requirement to drill shallow source holes}.
A total of ten hammer blows added together produced the required

energy input into the earth for survey purposes.

2.2 Field Procedures

The seismic investigation was conducted on July 21-23, 1993.
On July 22 and 23, seismic activities were extended into the
‘evening in order to acquire data during quiet hours after the
construction crews had departed for the day. A series of five
seismic lines as indicated, generally, on figure 2 were acquired.

The lines were defined as follows:
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Line 100 350 £t long From Borings P-2 to MW-2
Line 200 470 ft long From Borings P-1 to P-3
Line 300 600 ft long From Borings P-3 to MW-2
Line 400 630 ft long From Borings P-1 to P-2
Line 500 390 £t long From Line 300 to Line 400
Each line was first laid out on the ground using a tape
measure, spray paint, and pin flags. Key points for elevation
control were staked with 3 ft wooden stakes. Ground surface
elevations of these staked positions were determined after

completion of the seismic survey. Acquisition of the seismic data

(both refraction and reflection) consisted of:

Layout from 24 to 48 geophones at 10 ft intervals along

the specific seismic line being acquired

. Attach geophones to seismic cable and attach cable to

seismograph

Position the hammer/plate source at the appfopriate
position (different locations for refraction and
reflection)

Stack (add) ten hammer blows and store the resulting
seismogram on floppy disk for subsequent processing
Move to next hammer position and repeat

Continue process through end of line



3.0 RESULTS

3.1 Seismic Refraction

For each of the following line descriptions, the data were
processed using a computer program {"SIPT2") originally developed
by the US Bureau of Mines and USGS. The program takes times and
distances from the stored seismogram records and produces a depth
cross section. The basis of the depth cross section is seismic
velocity. That is, the program output is a layered model showing
the depth and structure of interfaces (layer boundaries) between
materials of differing seismic velocities. For example, figure 3
shows the basic input time versus distance curves for a seismic
refraction setup along one of the lines. Displayed is time of
refraction arrival (vertical axié) versus distance along the line
for a series of five shotpoints. The lines drawn on the figure are
our best estimate of velocity layering. That is, very near the
shotpoints we see an initial, high sloping line which represents
very low velocity; this line represents arrivals through the
surficial, loose soils. At a short distance from any shotpéint, we
see a change in slope (a second line) which represents a harder
layer. Further still from any shotpoint, we see another change in
slope to even faster (harder) materials at greater depth. Almost
all lines on site showed such a three-layered subsurface on the
refraction data. The general section, using average velocities, we

see, then, is:

1. An upper layer of surficial soils (V, = 1000 ft/sec)
2. A deeper (5-10 ft depth, typically) layer which is harder
(average V, = 3500 ft/sec) which we interpret as being a

stiff clay
3. A still deeper (range from 10-40 ft depth) and harder
(v, = 5500 ft/sec) layer which, when present, we

interpret as being a hard sandstone layer.

Wherever possible, we try to correlate the seismic results with the
results of nearby trenching and the results of the borehole logging.
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Line 100 - This line is a short line linking Borings P-2 and MW-2
along the, generally, eastern edge of the site area. Boring P-2 is
up on a small hill, so there is some topographic relief on the
line. Nearby excavation activities and tree removal activity have
exposed numerous large blocks of sandstone from the shallow
subsurface.

The interpreted refraction depth section for this line
{figure 4) is unigque among the lines acquire& as it only shows two
layers: weak soils (V1 = 910 ft/sec) and the harder sandstone layer
(V2 = 5560 ft/éec). This is likely because the clay in this area
may not be as stiff as other areas and also because it (the clay)
is rather thin to begin with. We see that the interpreted top of
the second, hard layer agrees very closely with the top of the
shallow sand as seen in the borings at each end of the line and
with the fact that sandstone was brought up in the process of tree
removal. The sand seen in Boring P-2, however, is rather thin and
not as clean as seen in MW-2 (see the report on the geophysical
logging of these wells). Because refraction can only map a
transition from soft to hard materials, we can only map the surface
of the sand and not the top of the underlying, softer clay. The
surface of the sandstone layer stays rather shallow (<10 ft below
ground surface) and parallels the ground surface along this line.
The sandstone is hard but is still not very well cemented and is-
rippable according to published excavation standards’ (sandstone;
velocity less than 6000 ft/sec).

Line 200 - This is also a short line but is along the western edge
of the site area linking Borings P-1 and P~3/MW-1. In
(approximately) the middle of this line, the contractors excavated
a rather large trench. This trench showed a thick, hard clay layer
at about 3-5 ft depth which continued to the bottom of the trench
(10-12 ft). No sandstong'was encountered. In the field, we noﬁed
peculiar behavior of the refracted arri;als on the seismic data.
Near boring P-1 and for 120 ft along the line towards P-3, a very
hard layer is seen at rather shallow depth (sandstone). This
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layer, however, either truncates or deepens as shown on the seismic
interpretation (figure 5). While we still see three layers (soil,
intermediate, and hard layers), we see that the depth to the hard
sand'layer is quite shallow near Boring P-1 (consistent with the
thick shallow sand seen in P-1) and deepens abruptly to the north
(right). As noted in the Borehole Logging Report, the thin, clean
sand in P-1 is not present or interpreted in Borings MW-1 or P-3.
This suggests that the sand at P-1 could be a channel sand of
limited width. While the refraction just shows this (layer 3) as
a continuous, although deepening, interface, it is more likely that
the hard layer (layer 3) is actually discontinuous. That is, the

layer 3 on the left is a different layer than the layer 3 on the
right. There is a thin sand in MW-1 at an elevation close to the.
layer 3 elevation on the right. We also feel the thick,
intermediate velocity layer (layer 2) in the central portion of the

line is the stiff clay seen in the excavation.

Line 300 - This line is a longer (600 ft) line along the northern
site boundary linking Borings Mw-~1/P-3 with shallow Boring MW-2.
The ground surface slopes gradually down to the southeast except
for a small drainage feature (see ground surface on figure 6). The
refraction portion of this line was not continued all the way to
the end of the line. The refraction results show, again, a three
layer subsurface. The soils (upper layer) show quite a bit of
thickness variation generally being thickest in the area of the
drainage feature. The hard layer (sandstone?) remains deep (>15
ft) except for the very ends of the line. We feel the shallowing
of this layer towards the east (right) is significant in that we
are approaching well MW-2 which has the clean, hard sand at very
shallow depth. The trend on the seismic line is for the deep layer
to shallow approaching MW-2. This is a similar situation to Line
200 near well P-1 where the deep layer is seen to shallow rapidly
(at the edge of a discontinuous sand body?).

Line 400 - This line parallels the southern edge of the site area
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linking borings P-1 with P-2. The ground surface, like along Line
300, gradually slopes to the east except in crossing the drainage
feature and rising up hill to boring P-2. Near Boring P-1 (see
figure 7), we again see the shallow hard {sand) layer as along Line
200. The sand deepens (or truncates) some 100 ft southeast of P-1;
again the deeper hard layer may be a different, deeper sand body.
Going further towards P-2, however, we see the depth to the harxd
layer decrea51ng rapidly. This suggests we have either come back
on to the same sand body as seen on the early (left) part of the
line or have come onto another shallow sand layer since we do see
a shallow, thin sand as well as a deeper sand in P-2. As will be
seen in the reflection data discussion for this 11ne, this area of
rapld change in the depth to the hard layer could be a fault.

Line 500 - This line trends NS through, almost, the middle of the
site joining seismic Lines 300 and 400 but does not have any nearby
borehole control. The line crosses the site just to the southeast
of the large trench excavated near Line 200 and just northwest of
the large pit area where much of the excavation had been conducted.
The seismic interpretation (figure 8) shows a rather consistently
thick intermediate layer (stiff clay?) across the line. We do see
some indication of shallowing of the deeper, hard (sand?) layer in
the middle of the line and towards the right (north) end. Again,
these topographic features interpreted on the top of Layer 3 are
likely due to lens-like shapes of some of the sand bodies as we
have seen on other lines. That ié, the apparent depression in the
top of Layer 3 near line location 300 ft may just be a gap between
separate sand bodies to the left and right.

3.2 Seismic Reflection

The resulting seismic data files from the reflection program
were returned to our Bouston office for rather detailed and quite
sophisticated data prccessing. The field data were acquired in the
so-called "common midpoint" or "CMP" method. This means that a

large redundancy of data was acquired; subsequent processing allows
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for resorting of all the many seismic data files and statistically
analyzing these to produce a final "CMP Stacked" section with
improved signal quality and reduced noise. The numerous processing
steps are designed to improve the quality of the final reflection
section. These reflection sections are plots of reflected signal
at a given line position versus time (increasing downwards) and not
true cross-sectional depth. To convert time to depth, we need to
know seismic velocities of the various rock masses. We have
measured this, although only for the upper tens of feet in the
subsurface, using seismic refraction. Therefore, we will attempt
to express our interpreted seismic reflection sections in terms of
depth as much as possible.

The scaling on the figures.is a) reflection time (vertical)

ranging from 0 to 0.500 seconds, two way (down and up) and b) line

distance horizontally. Line distance, on these.fiqures, is cited
in terms of Station Number; Station spacing is 10 ft; so, Station
100 is the start of the line (zero feet distance) and Station 120
(for example) is twenty stations, or 200 ft, along the line.
Actual trace spacing on the sections is one-half the station
spacing, or every five feet.

The general geologic framework of this area is that we should
expect gentle dips to the South to Southeast and .faulting would
likely be normal (growth) faulting striking, generally, NE and
displacement being down to the SE.

Line 100 - The seismic reflection section for Line 100 is given as
figqure 9. Note that on this section and all following sections,
the reflection times shown are referred to a fixed "datum
elevation" of +200 ft. That is, even thoﬁgh there is substantial
topographic variation along the seismic lines, the times shown are
referenced to a flat datum level slightly above the highest actual

_elevatioh encountered. This is why, for example, the first energy

lineups seen on figure 9 slope slightly to the right. The ground
surface also slopes in that direction. The reflections, which we

correlate with layer interfaces, are viewed as coherent dark bands
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across the section. We try, using assumed or measured velocities,
to correlate a specific reflection with a specific geologic
interface using the borehole and logging information. On Line 100,
we see several reflections ranging from as shallow as 0.030 seconds
(approximately 50 ft depth) down to a maximum of just over

0.400 seconds (rough approximation of at least 900 ft depth).
There are even shallower (0.020-0.025 sec) events on the record,
but these are remanents of the refraction arrivals. While not true
reflections, they still do provide some information which is useful
in interpreting deeper reflections. The shallower reflections may
be correlated with known units because we do have borehole depth
control (P-2) down fo approximately 150 ft depth. Without deeper

. control, we can only speculate on what the deeper (>0.080 sec time)

reflections represent from a stratigraphic standpoint. We would
however, suspect that these are geologic interfaces, so that we are
able to make interpretations on their continuity or lack thereof
(e.g. faulting).

Oon figure 9 and other subsequent reflection sectlons, we have
tried to carry (correlate) specific reflections across the line
from one end to the other and also from one line to another. These
specific reflections are colored in on the section. Uninterpreted
(non-colored) versions of the data are also attached as an Appendix
to this report. 1In reviewing the reflection information on figure
9 (Line 100), we can make the following observations: |

. Reflections deeper than approximately 0.070 sec (depth of
150 ft, estimated; colored green on figure) are rather continuous
and show a dip component to the left (SW) of approximately 2° or
less. These reflections are, generally, very weak owing to the low
energy of the seismic source used.

e Also, the deeper reflections,.as far as we can see them,
do not show any offset or discontinuity which we would interpret as
faulting. This line, however, would run almost parallel to any
expected faulting if this area is true to suspected geological
structural trends.

. The shallow reflections (colored yellow on figure 9) are
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believed to correlate with a sequence of sands seen in Boring P-2
and with the thin sand unit seen in boring P-2 at a depth of
50-58 ft.

. The continuity of the shallow sand reflections is only
fair. The upper two reflections appear continuous and rather
horizontal from the left (start) of the line through Station 120.
At this point, the upper reflection becomes mixed in with the
refraction arrivals (because of the sloping ground surface, this
sand becomes very shallow). The second reflection extends to the
right a bhit further but appears to either be truncated or pinches
out. The third sand (?) reflection we feel correlates with the
deep sand seen at the bottom of Boring P-2. It shows as an
undulating layer which could either be due to structure (small
folds or erosional) on its surface, or it could actually be a
sequence of discrete lenses which would give it its appearance of
poor continuity.

L The continuity of all shallow events shows a disruption
near Station 120 which is seen to exhibit dip to the right (NE);
there is a possibility that this could be a small fault. If so,
the dip and possible displacement is opposite to what would be
expected ("up towards the coast") although such features are
common. Mr. Alan Piechocki {ViroGroup, personal communication) has
stated that the shallow clays and sands in this part of the site
show fracturing. Perhaps the reduced coherency is due to increased

fracturing; faulting could be a cause for such fracturing.

Line 200 - The seismic reflection section for seismic line 200 is
given as figqure 10. While this line does not intersect line 100
(it is parallel to Line 100), it does have deep borehole control
(P-1 and MW-1) near each end of the line. Besides, we can try to
match similar character of reflections along line 100 and 200.

L Line 200 data also show weak, deep reflections which are
consistent with the deep events seen on Line 100. They, too,

exhibit nearly horizontal attitude or perhaps a slight dip
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component to the left (SW) .

. The shallow (<0.100 sec) portion of this line is quite a
bit simpler in appearance than the same for Line 100. This is felt
due to the thick clay bed seen over most of the line as defined by
seismic refraction and by trenching along the line. The very
shallow, thick sand seen in Boring P-1 and detected by refraction
shows as a shallow, complex reflection on the left side of the
record which disappears near Station 112. From that point on,
there are several thin and continuous reflections which we feel are
within the clay. _

L The reflections at approximately 0.050-0.080 sec
reflection time correlate with sands seen in P-1 and MW-1. These
reflections are rather uneven aithough we do not see significant
breaks or offsets in these. We feel these represent lateral
lensing (thickening, thinning, pinching out) of discrete sands
within a limited depth interval. This is also consistent when
comparing the boring logs which show substantial changes in the
thicknesses of correlatable sands. |

L We do not see any indications of faulting along Line 200.

Line 300 - The seismic reflection section for seismic line 300 is
given as figure 11. This line runs from NW to SE intersecting or
nearly intersecting both Lines 100 and 200 at their NE ends. It
gradually runs downslope going from left to right except for a deep
drainage ditch feature at Station 141-144.

L The same weak, deep reflections are seen on Line 300; in
this section, however, these events, where we can follow them, show
slight dip to the right (SE). This is consistent with the SW
component of dip seen on Lines 100 and 200 and with the general
geology of this area having generdl dip towards the Gulf Coast
(i.e. South).

.® The shallow section is similar to Line 200 over most of
the line in that we see a fairly simple (uncluttered) section above
0.050 sec which we feel indicates more clay in the very shallow

section. This is also in agreement with the refraction results.
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. We do see some complexity in the interpreted sand
reflections however. The shallowest interpreted sand (from Boring
MW-1 on the left side of the section appears to pinch out going to
the righi. It appears that another shallow sand is picked up at
the right end which may correlate with the shallow sand seen in
shallow boring MW-2 at that end. This again shows that these very
shallow sands are discrete bodies which are lens shaped either due
to erosion or deposition (channels).

° The deeper sand reflection (based upon correlation with
MW-1) is seen to be rather continuous across the entire section.
We do see a rise or "hump’ on this reflection from Station 140-146,
but we feel this is due to the effect of crossing the drainage
ditch. This bed is interpreted to be at about 140 ft depth.

. We do not see any indications of faulting along Line 300.

Line 400 - The seismic reflection section for seismic line 400 is
given as figure 12. This line parallels Line 300 and intersects
Lines 100 and 200 at their SW ends. It also runs downslopé to the
right except for an abrupt rise going up towards Boring P-2 at the
right end. The drainagé feature is not quite as deep or noticeable

along this line.

L The deep reflections are very weak along this line. They
only hint at a slight dip to the right (SE).
® The shallow section on this line is rather complex. The

very shallow portion (<0.050 sec) is "busier" than lines 200 and
300 owing to, we suspect, more shallow sands than on those lines
(i.e. more hard reflectors than the clay rich near surface on those
lines). The several sands seen in Borings P-1 (left side) and P-2
(right side) correlate well with observed reflections.

¢ All reflections seen are disrupted along a line which
starts (time 0.000) at Station 140 and dips down to the left (NW).
This would appear to be a fault. It may, owing to its nearness to
line 100 be the same feature interpreted on that line. The
definition of the feature on Line 400 is much more distinct

however, suggesting Line 400 is more closely perpendicular to its
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strike. The fact that the disruption is seen along a dipping line
makes us believe it is real and not a processing artifact (e.g. if
all the disruption occurred over a vertical line which would

suggest a few bad traces).

Line 500 - The seismic reflection section for seismic line 500 is
given as figure 13. This line parallels Lines 100 and 200 and
intersects Lines 300 and 400 towards their midpoints. There is no

borehole control for this line.

) The deep, weak reflections again show, indication of
slight dip to the left (SW).
* The near surface (<0.050 sec) section shows a mix of

style being complex to the left (like the suspected shallow sands
mid-way along Seismic Line 400) to rather simple to the right (like
the dominant, thicker clays suspected midway along Line 300).
Indeed, the midpoint of Seismic Line 500 is just east of and below
the large trench which encountered thick clays.

e The deep (estimated depth around 140 ft) sand reflection at
about 0.070 s time is interpréfed to tie well with the same deep
sand seen on all the other seismic lines and seen in the deep
wells. It shows as being nearly continuous. The undulating
surface and the brief losses of reflection strength, however,
suggest that it may be adjoining, - lens-shaped sand units rather
than a continucus, blanket deposit.

o We do not see any indications of faulting along Line 300.

3.3 Seismic Summary

Seismic refraction has shown variable depths to hard layers
which we interpret as being sands. Shallow (<20 ft depth) sands
seem to exist in, dominantly, the northeastern (between Borings p-2
and MW-2) edge and the southwestern (around P-1) corner areas of
the site. Most of the balance of the site shows thick surface
clays which agrees with excavations.

Seismic reflection shows that the various sands seen in the
borings (to 150 ft depth) can be correlated with discrete
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reflections in the shallow seismic data (above 0.080 séc). Other,
deeper reflections are seen, but we cannot tie these to known
strata. Even though the deepest reflections are weak (owing to a

low energy seismic source) they show tendency to have a dip to the

. South and are rather continuous. Shallow reflections are stronger

but are not as continuous.

The sands in the shallow (<0.080 sec) range are believed to be
discontinuous (lenses). The continuity of the sands, apart from
lensing, is rather good, however, suggesting that there is not a
lot of faulting on site.

There is one potential fault as defined by disruptions seen
near Station 120 on Line 100 and Station 140 on Line 400. Tying
these two features together in plan view (figure 14) shows that if
they are indeed the same fault, then this fault has a nearly-EW
strike (agrees with expected regional geology) and dips to the NW
(i.e. an up to the coast fault) which is not the more common type

of coastal growth fault but is, nonetheless, typical.
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4.0 LIMITATIONS

The geophysical assessment of the seismic data at this site is
based upon our professional evaluation of the geophysical data
gathered and our experience with seismic refraction and reflection
operations and data interpretation for geologic materials as found
in this area. The geophysical evaluation rendered in this report
meets the standards of care of our profession. No other warranty
or representation, either expressed or implied, is included or

intended.
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APPENDIX A - Raw (uninterpreted) seismic reflection sections
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APPENDIX 2-G
LABORATORY QUALITY CONTROL DOCUMENTATION



QUALITY CONTROL DOCUMENTATION



' 2B

SOIL VOLATILE SYSTEM MONITORING COMPOUND RECOVERY

Lab Name: SPLHOUSTON Contract:
b Code: SPIL Case No.: 306215 SAS No.: SDG No.:
Level: (low/med) LOW
EPA SMC1 SMC2 SMC3 |OCTHER |TOT
SAMPLE NO. |(TOL)#|(BFB)#| (DCE)# OUT
01{S~1_6_ 109 88 100 0 0
02|SP-1_6_ 109 91 98 0 0
03 |VSBLKO1 117 84 98 0 0
QC LIMITS
SMC1 (TOL) = Toluene-ds ( 84-138)
SMC2 (BFB) = Bromofluorobenzene ( 59-113)
SMC3 (DCE) = 1,2-Dichloroethane-d4( 70-121)

page 1 of 1

# Column to be used to flag recovery values

* Values outside of contract required QC limits

D System Monitoring Compound diluted out

FORM II VOA-2

306215

3/90



3B

SCIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Lakh Name: SPLHQUSTON Contract:
.ab Code: SPL Case No.: 306110 SAS No.: SDG No.: 306215
Matrix Spike - EPA Sample No.: AQC2-COMP Level: (low/med) LOW
SPIKE SAMPLE MS MS Qc
ADDED CONCENTRATION | CONCENTRATION % LIMITS
COMPOQUND (ug/Kg} (ug/Kg) (ug/Kg) REC #| REC.
1,1-Dichloroethene 250.0 0 248.5 99 59-172
Trichloroethene 250.0 0 230.5 g2 €2-137
Benzene 250.0 0 230.0 92 66-142
Toluene 250.0 0 243.5 97 59-139
Chlorobenzene 250.0 0 233.5 93 60-133
SPfKE MSD MSD
ADDED CONCENTRATION % % QC LIMITS
COMPQUND (ug/Kg) (ug/Kq) REC #| RPD #| RPD | REC.
1,1-Dichloroethene 250.0 254.5 102 3 22 59-172
Trichlorcethene 250.0 224.0 S0 2 24 62-137
Benzene 250.0 234.5 94 2 21 66—-142
Toluene 250.0 271.5 109 12 21 59-139
Chlecrobenzene 250.0 232.0 93 0 21 60-133
# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits
RPD: g out of 5 6utside limits
Spike Recovery: 0 out of _10 outside limits
COMMENTS: 82408,306110, ,AO0C2~-COMP,L,S,9306110-12A,V,E, X5,
PACK,0609VS2A4,0609BFA2,0609VSBAL,,,,45/3-220@8, INST A,
FORM III VOA-2 3/90



“an ] EPA SAMPLE NoO.
VOLATILE METHOD BLANK SUMMARY

VSBLKO1
b Name: SPLHOUSTON Contract:
Qz Code: SPL Case No.: 306215 SAS No.: SDG No.: 306215
Lab File ID: 0609VSBAL Lab Sample ID: VSBLK010609A
Date Analyzed: 06/09/93 | Time.Analyzed: - 1508 :
GC Column: PACK ID: (mm) Heated Purge: (Y/N{ Y
Instrument ID: A

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD:

EPA LAB LAB TIME
SAMPLE NO. SAMPLE ID FILE ID ANALYZED
01|5-1_6_ 9306215-01B V621501 1739
02|SP-1_8_ 9306215-02B V621502 1816

COMMENTS: SPL,BLANK,,VSBLKO1,L,S,VSBLKO10609A,V,B,SMLS,
PACK,0609VS2A4, 0609BFA2,,,,,45/3-220@8,INST A,

page 1 of 1
FORM IV VOA 3/90



8PL Blank QC Report page

Matrix: Soil Reported on: 06/11/93 14:
Sample ID: VSBLKO010609 Analyzed on: 06/09/93 15:
Batch: VOAS30609133700 Analyst: GAB
Volatile Organics
Detaction
Compound Result Limit Onits
1,1,1-Trichlorocethane ND 5 Bg/Kg
1,1,2,2-Tetrachloroethane ND 5 bg/Kg
1,1,2-Trichloroethane ND 5 ug/Kg
1,1-Dichloroethene ND 5 hg/Kg
1,1-Dichloroethane ND 5 kg /Kg
1,2-Dichleroethane ND 5 bvg/Kg
1,2-Dichloropropane ND 5 Lg/Kg
2-Butanone ND 20 bg/Kg
2-Chloroethylvinylether ND 10 kg /Kg
2—-Hexanone ND 10 ug/Xg
4-Methyl-2«Pentanone ND i0 Lg/Kg
Acetone ND .10 ug/Kg
Benzene ND 5 Lg/Kg
. Bromodichloromethane ND 5 rg/Kg
Bromoform ND 5 Ly /Ky
Bromomethane ND 10 ug/Kg
Carbon Disulfide ND 5 Lg/Kg
Carbon Tetrachloride ND 5 ug/Kg
Chloromethane ND 10 kg /¥Xg
Chlorocethane ND 10 Bg/Kg
Chloroform ND 5 wg/Kg
Chlorobenzene ND 5 Kg/Kg
Dibromochloromethane ND 5 Lg/Kg
Ethylbenzene ND 5 Kg/Kg
Methylene Chloride ND 5 Lg/Kg
Styrene ND 5 pg/Kg
Tetrachloroethene ND 5 Bg/Kg
Toluene ' ND 5 Lg/Kg
Trichlorofluoromethane ND 5 Lg/Kg
Trichloroethene ND 5 kg /Kg
Vinyl Chloride : ND 10 rg/Kg
vinyl Acetate ND 10 LBg/Kg
Xylene (total) ND 5 vbg/Kg
cis~-1,3-Dichloropropene ND S ug/Kg
Notes

ND - Not detected.

Cynthda Schreiner, QC Officer




8PL Blank QC Raport page

Matrix: Soil Reported on: 06/11/93 14:
Sample ID: VSBLK010609 Analyzed on: 06/09/93 15:
Batch: VOAS530609133700 Analyst: GAB
Volatile Organics
Datection
Compound Result Limit Units
total-1,2-Dichloroethene ND 5 Hg/Kg
trans-1,3-Dichloropropene ND| 5 ug/Kg
[ T "
Surrogate Rasultll Criteria Units
1,2-Dichloroethane~d4 S8 70-121[|% Recovery
4-Bromofluorobenzene 84 59-113]|% Recovery
Toluene-ds 117 84~-138|% Recovery
Samples in Batch 9306215-01 9306215-02
. Notaes

NDh -~ Not detected.

® aﬂ@wgz\ LU

cyntha schreiner, QC Offilcer




2D

SOIL SEMIVOLATILE SURROGATE RECOVERY

Lab Name: SPLHOUSTON Contract:
.o Code: SPL case No.:.306215 SAS No.: SDG No.: 306215
Level: (low/med) LOW '
EPA s1 S2 S3 sS4 S5 S6 S7 S8 [TOT
SAMPLE NO. (NBZ) # (FBP) #| (TPH) #| (PHL) # (2FP) #| (TBP) #| (2CP) #| (DCB) #| OUT
——- -~ |
01i5-1 73 77 76 69 €9 66 75 73 0
02]|SP-1 73 76 78 74 &9 70 74 73 0
03] SBLKO2 84 93 128 79 89 94 77 79 0
QC LIMITS
S1 (NBZ) = Nitrobenzene-d5 ( 23-120)
§2 (FBP) = 2-Fluorobiphenyl ( 30-115)
S3 (TPH) = Terphenyl-di4 ( 18-137)
S4 (PHL) = Phenol-ds ( 24-113)
$5 (2FP) = 2-Fluorophenol ( 25-121)
s6 (TBP) = 2,4,6-Tribromophencl ( 19-122)
S7 (2CP) = 2~Chlorophenol-d4 ( 20-130) (advisory)
sg (DCB) = 1,2-Dichlorobenzene-d4 ( 20-130) (advisory)
# Column to be used to flag recovery values
* Values outside of contract required QC limits
. D Surrogate diluted out
paga 1 of 1

FORM II SV-2

3/90




SOIL SEMIVOLATILE MATRIX SPIKE/MATRIX SPIKE

Lab Name: SPLHQUSTON

‘ab Code: SPL

Case No.: 305896
Matrix Spike - EPA Sample No.: $-12_EAST

3D

Contract:

SAS No.:

SDG No.:

DUPLICATE RECOVERY

06215

Level: (low/med) LOW

SAMPLE

SPIKE MS MS -QC
ADDED CONCENTRATION | CONCENTRATION % LIMITS
COMPOUND (ug/Kg) (ug/Kg) (vg/Kg) REC #| REC.
Phenol 3170 0 1815 57 26= 90
2-Chlorophenocl 3170 o] 1874 59 25-102
1,4-Dichlorcbhenzene 2110 0 1241 59 28-104
N-Nitroso-di-n=-prop. (1) | 2110 0 1030 49 41-126
1,2,4-Trichlorobenzene_| 2110 0 1326 63 38-107
4-Chloro-3-methylphenol| 3170 0 2052 65 [26-103
Acenaphthene 2110 0 1359 64 31-137
4-Nitrophenol 3170 o] 2237 71 11-114
2,4-Dinitrotoluene 2110 0 1283 61 28- 89
Pentachlorophenol 3170 0 1756 55 17-105
FPyrene 2110 o 1241 59 35-142
| SPIKE MSD MsSD
: ADDED CONCENTRATION 3 % QC LIMITS
q COMPOUND (ug/Kqg) (ug/Kg) REC #| RPD # RPD REC.
Phenol 3170 2026 64 12 35 26= 8¢
2~Chlorophenol 3170 2187 69 16 50 25-102
1,4-Dichlorobenzene 2110 1418 67 13 27 28-104
N-Nitroso-di-n-prop.(1)| 2110 1140 54 10 38 |41-126
1,2,4-Trichlorobenzene_j] 2110 1528 72 13 23 38-107
4-Chloro-3-methylphenol} 3170 2389 75 14 33 26—-103
Acenaphthene 2110 1537 73 13 15 31-137
4~-Nitrophenol 3170 2026 64 10 50 11-114
2,4-Dinitrotoluene 2110 1351 64 5 47 28- BS
Pentachlorophenol 3170 1984 63 14 47 17-10¢
Pyrene 2110 1503 71 18 36 35-142
(1) N-Nitroso-di-n-propylamine
# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits
RPD: __ 0 out of _11 outside limits
Spike Recovery: _ 0 out of _22 outside limits
COMMENTS: PAHS,305896,,5-12 EAST,L,S,9305896-12A,B,E,30-1,5/28 DE-2UL
. CAP,0602S2F1,0602DFF5,,,,,40/4--300@10,INST F
FORM III SV-2 3/90



4B EPA SAMPLE No.
SEMIVOLATILE METHOD BLANK SUMMARY

SBLKO2
b Name: SPLHOUSTON Contract:

Qb Code: SPL Case No.: 306215 SAS Neo.: SDG No.: 306215
Lab_File ID: 0610SSBRD1 . Lab Sample ID: S30610SNB1
Instrument ID: D1 Date Extracted: Qg[]g[ga
Matrix: (soil/water) SQIL Date Analyzed: 06/14/93
Level: (low/med) Low Time Analyzed: 1956

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD:

EPA LAB LAB DATE
SAMPLE NO. SAMPLE ID FILE ID ANALYZED
———— — — = W = | m——_——m ==
01{sS-1 9306215-01C E4065 06/16/93
02|5P-1 9306215-02¢C E4066° 06/16/93

COMMENTS SPL,BLANK,,SBLKOZ,L,S,93061OSNBI,B,B,0.0-1,06/10 DE-2UL
CAP,06145202,0614DFD2,,,,,40/4--300@10,INST D

page 1 of 1
FORM IV SV 3/90



SPL Blank QC Report page

Matrix: Soil : Reported on: 06/17/93 10::
Sample ID: 930610SNB1 Analyzed on: 06/14/93 19:¢
Batch: EX930528000001 Analyst: GLT
Detection
Compound Result Limit DUnits
Pyridine ND 330 Bpg/Kg
Phenol ND 330 ug/Kg
Aniline ND 330 kg /Kg
bis(2-Chloroethyl)Ether ND 330 bg/Kg
2-Chlorophenol ND 330 pg/Kg
1,3-Dichlorobenzene ND 330 ug/Xg
1,4-Dichlorobenzene ND 330 ug/KXg
Benzyl Alcchol ND 330 Lg/Kg
1,2-Dichlerobenzene ND 330 Lg/Kg
2-Methylphenol ND a3o0 ug/Xg
bis (2-Chloroisopropyl) Ethe ND 330 ug/Kg
_ 4-Methylphenol ND 330 ug/¥g
N-Nitroso-Di-n-Propylamine ND 330 pg/Kg
. Hexachloroethane KD 330 pg/Kg
Nitrobenzene ND 330 ug/Kg
Isophorone ND 330 #g/Kg
2-Nitrophenol ND 330 Lug/Kg
2,4-Dimethylphenol ND 330 ug/Kg
Benzoic Acid ND 1500 ug/Kg
bis{2-Chloroethoxy)Methane ND 130 ug/Kg
2,4-Dichlorophencl ND 330 Lg/Kg
1,2,4-Trichlorocbenzene ND 330 pg/Kg
Naphthalene ND 330 pg/Kg
4-Chloroaniline ND 330 Lg/Xg
Hexachlorobutadiene ND 330 Bg/Kg
l4—Chloro-3-Methy1phenol ND 330 sg/Kg
2-Methylnaphthalene ND 330 pg/Kg
|Hexachlorocyclopentadiene ND 330 Lg/Kg
i2,4,6—Trichlorophenol ND 330 Kg/Kg
12,4,5-Trichlorophenocl ND 800 ug/Kg
| 2-chloronaphthalene ND 330 Lg/Kg
|2-Nitroaniline ND 800 pg/Kg
IDimethyl Phthalate ND 330 Bg/Kg
|Acenaphthylene ND 330 Bg/Xg
Notas

ND - Not detected.

® aﬁ@ 5;/ L L

CyntRia Schreiner, QC Officer




(Y,

Matrix: Soil Reported on: 06/17/93 10:1
sample ID: 930610SNB1 Analyzed on: 06/14/53 19:5
Batch: EX930528000001 Analyst: GLT
Detection
Compound Result Limit Units
3-Nitroaniline ND 800 Lg/Xg
Acenaphthene ND 330 kg /Kg
2,4-Dinitrophenol ND 800 19 /Ky
4-Nitrophenol ND 800 Hg/Kg
Dibenzofuran ND{ 330 rg/Kg
2,4-Dinitrotoluene ND 330 Hg/Kg
2,6-Dinitrotoluene ND 330 g /Kg
Diethylphthalate ND 330 vg/Xg
4-Chlorophenylphenyl ether ND 330 pBg/Xg
Fluorene ND 330 Bg/Kg
4-Nitroaniline ND 800 pg/Kg
4,6-Dinitro-2-Methylphenolj ND 800 ug/Kg
. N-Nitrosodiphenylamine (1) ND 330 pg/Kg
1,2-Diphenylhydrazine ND 330 Lg/Kg
4-Bromophenylphenyl ether ND 330 pg/Kg
Hexachlorokenzene ND 330 g /Kg
Pentachlorophenol ND 800 rg/Kg
Phenanthrene ND 330 pBg/Kg
Anthracene ND 330 bg/Kg
Carbazole ND 330 g /Kg
Di-n-Butylphthalate ~ ND 330 ug/Kg
Fluoranthene ND 330 rg/¥g
Pyrene ND 330 bg/Kg
Butylbenzylphthalate ND 330 pg/Kg
3,3'-Dichlorobenzidine ND 330 ug/Kg
Benzo{a)anthracene ND 330 rpg/Kg
Chrysene ND 330 Lg/Kg
bis(2-Ethylhexyl)Phthalate ND 330 kg /Kg
Di-n-Octyl Phthalate ND 330 pg/Kg
Benzo (b} fluoranthene ND 330 xg/Kg
Benzo(k) fluoranthene ND 330 kg /Kg
Benzo(a)pyrene ND 330 g /Kg
Indeno(1,2,3-cd)pyrene ND 330 pg/Kg
Dibenz (a,h)anthracene ' ND 330 Hg/Kg

Notes
ND - Not detected.

‘I' .
WQUQ A’L LUt

cyntila Schreiner, QC Offlcer




8PL Blank QC Report page
Matrix: Soil Raported on: 06/17/93 10::
Saxple ID: 930610SNBE1 Analyzed on: 06/14/93 19:-
Batch: EX930528000001 Analyst: GLT
Detection
Compound Result Limit Units
Benzo{g,h,i)perylene H ND 330 ug/Kg
QcC
surrogate Result| criteria Units
Nitrobenzene-d5 84 23-120[%¥ Recovery
2=Fluorobiphenyl 93 30-115{|%¥ Recovery
Terphenyl-dl4 128 18-137[|% Recovery
Phenol-d5 79 24-113{|% Recovery
2-Fluorophenol 89 25-121(|% Recovery
2,4,6-Tribromophenol 94 19-122[|% Recovery
samples in Batch 9306215-01 9306215-02

Notes
ND = Not detected.

0.5 by

Ccynthla Schreiner, QC Officer



QUALITY CONTROL REPORT

b ]

SAMPLE ID: 9306215
DATE: 06/16/93
ANALYST: NDRC

METHOD
EPA 8330
BLANK SPIKE MS /MSD LCS DUPLICATE
COMPOUND ng/Kg $ RECOVERY RED RECOVERY RPD
RDX < 1.0 98 0 102 _—
TNT < 0.25 97 0 96 _—
2,4 DNT < 0.25 53 0 96 _—

ND = Parameter was analyzed for but not detected.



SPL. QUALITY- CONTROL REPORT

ICP ANALYSIS
DATE: ¢/fisfaz TIME: 7fo: 20 am. ANALYST: & . MATRIC S50
. INSTRUMENT: =75 bre FILE#: Ao&:5  METHOD: s¢f UNTTS: _pgfy
SAMPLE ID €2:S In W 621t7 [g-3s 5a és (o la -5z I
NUMBERS: o 73 - HG' 1Z.¢
QCSAMPLEID: 1), 6217 45 2).
ELEMENT| METHOD| LCS | ORIGINAL | DUPLICATE| . RPD SPIKE MS MSD RPD
B Yg BLANK | % REC. CONC. CONC. % ADDED | %REC.| %REC %
A Ap 75.9 H. 4y 16 .97 27** | 5.0 23.% | Fz-¥ + b
58 03¢ e e ~a 1-0 75 -9 | w1 7 i
8n 93. 17 0,153 0.1765 ¥ 2.0 .S |93.¥ 3
Ber 92.7 P ne /A 0.0 | to¥.0 | o3, 2 !
& 9%.s ~p rp = 97.0 i99.4 I
3 75 © M-f‘a 0.0206 | .20 | Jot -8 : /08 .0 /
Co 93 . o Ny Ap l o0.5> 1 92.9 | 92.¢ &
G 95.7 | 0.o3 | o0.as¢ v .25 | 92.9 | 92.2 i
fe 35 &.yo3 /0. 6 sotf |l o0 . 1923.7 >
Q rs 9/.9 1 o #A lo.so [92.° $8 -0 Y
O 45. 0 D.c%i0 0.03673 6 1o 4139.6 jtez.z | 42
e R7- 3 74 NP ~/a e-52 | 914 2.2 !
A¢ g/ z Wy NP o.05 | 75.8 | 72.8 o
\" $5. & 2. 018% o.0T1 O.50o I Q.2 ‘g6 7
= ©. 4 NP 0-0225 v h ©-60 199y.7 |95- ¢ !
Ca T 1 g3. 3 G.309 .77 J fo.° 922.9 |95.5 | 4+
{ e 77. = 9.434 s.zeg | 5 loz ., 2 | (oF. o -
| Na 92.5 | 0.5073 | O.cz2o ~/a i 101.3 | to2. 2 '
1 K ; Y S s ! L1332 17z g oy ' g2. & ! Qo0.% | 2
i | | | | ; i i
{- ] i I [ ' 1
¢ ! : ; | I i i
l I i ! | ! !
FLAGS: ™ ™S ¢ase. Newrok e . *ﬂnJ.,,ch-aJ ‘;.',k:. ‘*"‘5‘1--1'!'-'5 ot Liaed 10 timey bloak ~cd

SUPERVISOR APPROVAL:  Wlenaa N\amiam

DATE:

AV




SPL QUALITY CONTROL REPORT

ICP ANALYSIS
PAGE 2
. DATE: ¢//s/13 INSTRUMENT: TYA bi& FILE# Azé:s
METHO LCS ELEMENT|IMETHODy LCS
Fe thy BLANK | %REC Pa Yy BLANK | % REC.
A e q0.4 A P 13¢. &
£a 92,14 53 103 . i
8n 93.5 & q¢ . |
cd T4. 6 2. 93.4
c y 4¢.3 Cd ' 95. Y
ac 122, &
b Y, |_AY I 9. 4 Co 98. &
/2 4.8 G 9s5. 1
én 95 .% Fe 125.5
(&) 9.9 Fz 9¢.9
ce \ $7.3 AL 195. 2
e g97.3
A % .9
Y : 9Y. 6
. ) 2 ?‘3. lf
' ¢a * ¢7-17
riG : 2.1
NA iy .7
K v 1627

—4

s +
FLAGS: Semplis b deack 12 Eiweh_frep blom odns

SUPERVISCR APPROVAL: V\eg Qe lnmias

DATE: TR




SPL QUALITY CONTROL REPORT
ATOMIC ABSORPTION ANALYSIS

DATE: IQ’S%‘ meEQ 7 1SS anapvst '
.msmu%m:g %LM#_L%W ___M%\
ELEMENT: j&,_é ‘s
wom [H0R Ry L

: AN - - N - — .
ORI G5 |
SAMPLE ID) METHOD| LCS | ORIGINAL [DUPLICATE] RPD | SPIKE [ MS |
| BLANK | %REC.| CONC. | CONC. | % | ADDED| %REC.| %REC.| %
' . ] @ ) '
Oaljo-gb o176:9Y 2 22 o) G .0 B[] O |
o@;s—n > B 1% 17,7 | 1% o.dlofelloe Y 2N
P wyerd] g ——
| I ]
e | | ! O
| | | | | | | |
] R —
B S S N SRS SR U R N
! l I i | [ i
- ﬂ N |
| I i B i i I'
| I B A S
| | | ':: | | P —
] R —
L I |

FLAGS:

SUPERVISOR APPROVAL: Y\m%a \opiam
DATE: PRGN




//, 14 Interchange Drive, Houston, Texas 77054 713/660-0901

Wet Chemistry QA/QC Validation Report
Test Code_ C RHEX Date (9“2193 Analyst KFu>
Method__HACH Tme_):00p ' Matrix Seope,
# Of Samplesin Set.__3 Detection Limit 0.0/
Sample #'s in Set | Units ~ ”.‘1%
306445 - Ic. :
[ 206215~ 1A, 2A
Actual Theoretical Upper Lower

Standards |EM, %T, Concentration | Concentration | % Recovery Limit Limit

Blank [ 0.000 ND ND NA NA RNA
1#10.05™ 00 0.4ib 0.051 0.05 102.0 | TasugeicanT DATA
£ 2O -
#3
#4 L
Check Std. o} 10 MY/, 0.095 0.10 45.0 suEFICENT _DaTA
Upper Lower

Duplicate #1 #2 RPD (%) Limit Limit Dihstion

30215~ ND D o EEIcE T "DATA
Concentration | Amount | Concentration] After- Upper Lower
Spike Sample | BeforeSpike | Added | AfterSpike | Before | % Recovery| Limit Limit
2O Y5-IGND (P9 %es) | 010 | 0.097 [ 0.087 | 97.0 | Tsuercenr Tm
|

Spike Recovery Calculation Relative Percent Difference Calculation
% Recovery = (Actual - Original) X 100 RFD=  (#1-#2) X100

Amount Added (#1 + #2Y05)
. Reviewed mlm,éf %ZZ@MM_[/ M—

Approved By
é
Date ¢/1/e2 Date 7 773




SPL QUALITY CONTROL REPORT
ATOMIC ABSORPTION ANALYSIS

DATE: b\\o\% TIME: R0, ANALYST: c%in_MA'IRIX: :@f |
INSTRUMENT: 83030 FILE# ({)0A _METHOD: (vAA UNITS: ug /L

EIEMENT: Hg

SAMPLE ID _bQI5-1R A8 [ (217-18~3B 58 LB

NUMBERS:

[SAMPLEID| METHOD| LCS | ORIGINAL |DUFLICATE RPD | SPIKE ‘ I
.} BLANK | %REC. | CONC. CONC. % | ADDED| % REC. | %REC.
u i ]

| - I |
.01 Nb DN NIAL{Q.DD [07.0 1106.5 |

! |
{ b3l5-/p | N

] i i
i g i

o — ==

o = f s wen g |

=

A

I

|

]

i

|

|

]

|

|

!

| | i
i |
[

|

|

|

1

e g o ey _’ e e

TRIE s e | e, §ot

L ——— =

FLAGS:

. SUPERVISOR APPROVAL:  N\egoo \Qmow
DATE: o\ o\ay

-— mmm - LN ———— ——— ——— o —



zwmtcrchmge Drive, Housron Tcxas 77054  713/660-0901

Wet Chemistry QA/QC Validation Report

TestCode_ 11OISEF Date 6—- 9-93 Analyst N
Method__ (GiYa Vi meSTic_ _R:300 M Matrix_Se7;
Of SamplesinSet___/4 | Detection Limit
Sample #sinSet 30621 5-)p—12h 206 217-1B+>3B Uaits~ % s F
208217-5817€B B3062)19-)B1—> 8B 306425-1D
Actual Theoretical Upper Lower
Standards |EM, %T, ABS. | Concentration | Concentration (% Recovery Limit Limit
Blank RIT
#1 WA
5 . —
#3
#4
Check Std.
Upper Lower
Duplicate #1 #2 RPD (%) Limit Limit Dilution
3062/748 . 14 /4 0-0 Bo’-4 a7-4 ]
3062./9-88 /14 13 7-4 A s ,
|
: Concentration | Amount | Concentration| After- ' Upper Lower
Spike Sample | BeforeSpike | Added | After Spike Before | % Recovery}  Limit Limit
FIR
Spike Recovery Calculation Relative Percent Difference Calculation
% Recovery = (Actual - Origimal) X 100 RPD= (#1.-#2) X100

Amount Added 1+
chicwedBy WAA;M /QM//AWAL /w&‘,é/
«?:s

Date ('o/‘i:/‘l?




SPL QUALITY CONTROL REPORT

ATOMIC ABSORPTION ANALYSIS
Dm‘.é ZME [ DL AR A S TR

o /?.;Eﬁﬁ_z. @# (@) [g}b mon_gﬁﬁ&m _T“jxkg/

SAMPLE ID G [(o=1-5SB & '72:—-—1(&4)\@ \,m MR

NUMBERS: SR 6B
@)ngtz%—-lé——jgﬁj. 7= ’ S

SAMPLEID} METHOD| LCS | ORIGINAL |DUPLICATE] RPD | SPIKE MS | _MSD ] RPD
BLANK | %REC. | CONC QONC. % ADDED | %REC | %REC.

olllo-gi MBG7 1 b | | bz 099, °?5
O S-(A M %5%1![49 lo.%¥ | X }%o-cclf"f/%zo,- .

b]:é it | — r SHEN
@17 1ozl 20,

i 1 i

|
I
|
o

LAt @f,awp\o_s v m@r Uy ﬁﬁmfc«:e

SUPERVISOR APPROVAL: N\eaoa Vapittes
o N DATE: MY




// %lnterchznge Drive, Houston, Texas 77054 713/660-0901

Wet Chemistry QA/QC Validation Report
Test Code__70CS Date &.21-93 Analyst 2P
Tethod 4/5-/ ime__ 3:00%~ Matrix_Z4p70e
Of SamplesinSet__7 Detection Limit /
i
Sample #'s in Set | A3p62/5-/692£) 19306995 -/E || 730647 -169464'r Units__ Koo
!
' '1 Actual Theoretical Upper Lower
Standards |FM, %T, ABS. | Concentration | Concentration | % Recovery Limit Limit
Blank | Mb A T
#1 | .2l /0.0 /02 08594 | ?2.42
#2 50-25 20-0 1605 l
#3 . fOO- O /00O Jo0 \
#4 2001 2000 /90 ¥ 1
Check Std. 4/-0% 4/-0 j00-2 g5/ 39 6
Upper Lower
Duplicate #1 #2 RPD (%) Limit Limit Dilution
62/5-2& 207 207 ©- /. g-/ j
.-q?/ -2¢ 758 76/ o-4 } \ !
I
' |
! i
| | |
i l l
Concentration | Amount | Concentration| After- Upper Lower
Spike Sample | BeforeSpike | Added | AfterSpike | Before % Recovery|  Limit Limit
&H45 - (€ /5.9 P 55.54 39.¢ 79 /201 -7
| c44/- 4 25.81 Ho-o 66 - 8% dfo-27 007 | 4 7
i | i
! l
L | I
1
| a i
Spike Recovery Calculation Relative Percent Difference Calculation
% Recovery = (Actual - Original) X 100 RPD = (#1-#2) X 100
Amount Added #1 Z{Oj)/
Qewewed By_7 "7,"/&!(4{ )ﬂ % W Approved By _/{ M
4
Date ﬁ[ﬂ Date 9 2, / 73




CHAIN OF CUSTODY
AND

SAMPLE RECEIPT CHECKLIST
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DATE:
LOT N

CLIENT SAMPLE NOS.

@z'z/g_s TIME: _ //:/% CLIENT NO.

TR
SPL HOUSTON ENVIRONMENTAL LABORATORY

SAMPLE LOGIN CHECKLIST

. CONTRACT NO.

SPL SAMPLE NOS.:

9.
18.
11.

NOTES (reference item number if applicable):

Is a Chain-of-Cusatody form present?
Is the COC properly completed?
1f no, describe what is incomplete:

AN
|

If no, has the client been contacted about it?
(Attach subsequent documentation from client about the situation)

Is airbill/packing list/bill of lading with ghipment?
If yes, ID#: bohn 7

Is a USEPA Traffic Report present?

Is a USEPA SAS Packing List present?

Are custody seals present on the package?
If yes, were they intact upon receipt?

]
1111,

Are all samples tagged or labeled?

Do the sample tags/labels match the COC?

1f no, has the client been contacted about it?
(Attach subsequent documentation from client about the situation)

Do all shipping documents agree?
1f no, describe what is in nonconformity:

|
|

- o
Condition/temperature of shipping container: Jrne /?C-r‘-f/( ,
Condition/temperature of sample bottles: fon~ Y&
Sample Disposal?: SPL disposal___ -~  Return to client

a7 e _
ATTEST: / M \7& DATE: /ler’/é.?

DELIVERED FORGCEESOLUTION: REC'D DATE:
RESOLVED: DATE:




QUALITY CONTROL DOCUMENTATION



01
02

2D '

SOIL SEMIVOLATILE SURROGATE RECOVERY

Lab Name: SPLHQUSTON Contract:
Code: SPL Case No.: 306445 SAS No.: SDG No.: 306445
Level: (low/med) LOW
EPA 51 52 83 S4 S5 56 57 58 TOT
SAMPLE NO. | (NBZ)#| (FBP)#| (TPH)#| (PHL) #| (2FP) #| (TBP) #| (2CP)#| (DCB) # | OUT
SMW1 5 _6_ 99 94 | 113 69 95 93 79 go | o
SBLKO1 86 67 70 75 79 86 76 70 ¢}
QC LIMITS
S1 (NBZ) = Nitrobenzene-d5 ( 23-120)
S2 (FBP) = 2-Fluorobiphenyl (.30-115)
S3 (TPH) = Terphenyl-dl4 ( 18-137)
S4 (PHL) = Phenol-d5 ( 24-113)
S5 (2FP) = 2-Fluocrophenol ( 25-121)
s6 (TBP) = 2,4,6-Tribromophenocl ( 19-122)
§7 (2CP) = 2-Chlorophenol-d4 ( 20-130) (advisory)
S8 (DCB) = 1,2-Dichlorobenzene-d4 ( 20-130) (advisory)
# Column to be used to flag recovery values
* Values outside of contract required QC limits
D Surrogate diluted out
page 1 of 1
FORM II SV-2 3/90



" 3D
SOIL SEMIVOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Tab Name: SPLHQUSTON Contract: .
.b Code: SPL Case No.: 306408 SAS No.: SDG No.: 106445
Matrix Spike - EPA Sample No.: SB-1D Level: (low/med) LOW

SPIKE SAMPLE MS MS QcC
ADDED CONCENTRATION | CONCENTRATION % LIMITS

COMPOUND (ug/Kg) (ug/Kg) (ug/Kg) REC #| REC.
Phenol 3010 0 2202 73 26— 90
2-Chlorophenol 3010 0 2154 72 25-102
1,4-Dichlorobenzene 2010 0] 1286 64 28-104
N-Nitroso-di-n-prop.(1)| 2010 0 1607 80 41-126
1,2,4-Trichlorobenzene_| 2010 0 1342 67 38-107
4-Chloro-3-methylphencl| 3010 o] 2065 69 26-103
Acenaphthene 2010 0 1503 75 31-137
4~Nitrophenol 3010 0 2041 68 11-114
2,4-Dinitrotoluene 2010 0 1471 73 28— 8%
Pentachlorophenol 3010 0 1521 64 17-109
Pyrene 2010 0 1197 60 35-142
1

SPIKE MSD MSD :

' ADDED CONCENTRATION 3 % QC LIMITS

’COI{POU"ND (ug/Kg) (ug/Kg) REC #| RPD #| RPD | REC.
Phenol 3010 2363 78 7 35 26=- S0
2-Chloreophenol 3010 2282 76 5 50 25-=102
1,4-Dichlorobenzene 2010 1318 66 3 27 28-1041
N-Nitroso-di-n-prop. (1) | 2010 1680 84 5 38 41-126
1,2,4-Trichlorobenzene_| 2010 1446 72 7 23 38-107
4~-Chloro~3~-methylphenol| 3010 2242 74 7 33 26-103
Acenaphthene 2010 - 1567 78 4 19 31-137
4-Nitrophenol 3010 1872 62 S 50 11-114
2,4~-Dinitrotoluene 2010 1567 78 7 47 28— 89,
Pentachlorophenol 3010 1535 51 23 47 17-109
Pyrene 2010 1262 63 5 36 35-142!

(1) N-Nitroso-di~n-propylamine

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits

RPD: 0 out of _11 outside limits
Spike Recovery: 0 out of _22 outside limits

~OMMENTS: 8270,306408,,SB-1D,L,S,9306408-02C,B,E,30~1,6/16 DE-2UL
. CAP,0617S2F1,0617DFF1,,,,,40/4--300810,INST F

FORM III SV-2 3/%0



" 4B EPA SAMPLE NO.
SEMIVOLATILE METHOD BLANK SUMMARY

SBLKO1

Y Name: SPLHQUSTON Contract:

b Code: SPL Case No.: 306445 SAS No.: SDG No.: 306445
Lab File ID: 0616SSBRFL Lab Sample ID: 930616SNB1
Instrument ID: EF ‘ Date Extracted: Qg[;ggg;
Matrix: (seil/water) SOIL Date Analyzed: g6£17[2§
Level: (low/med) LOW Time Analyzed: 1536

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD:
EPA LAB LAB DATE
SAMPLE NO. SAMPLE ID FILE ID ANALYZED
01 suw1_;:e:_ 9306445-01B B644501 ) 05/17/93_

COMMENTS: SPL,BLANK,,SBLKO1,L,S,930616SNB1,B,B,0~1,6/16 DE-2UL
CAP,0617S2F1,0617DFF1,,,,,40/4--300810,INST F

page 1 of 1
FORM IV SV 3/9%0



BPL Blank QC Raeport : page

Matrix: Soil : Reported on: 06/21/93 15:4
Sample ID: 930616SNB1l Analyzaed on: 06/17/93 15:3
Batch: EX9305616000001 Analyst: ADK
Detection
Compounid Rasult Limit Units
Pyridine ND 330 Lvg/Kg
Phenol - ND 330 Bg/Kg
Aniline ND 330 pg/Xg
bis(2-Chloroethyl)Ether ND 330 Lug/Kg
2-Chlorophenol ND 330 Lug/Kg
1,3-Dichlorocbenzene ND 330 ug/Kg
1,4-Dichlorobenzene ND 330 rg/Kyg
Benzyl Alcohol ND 330 Lg/Kg
1,2-Dichlorobenzene ND 330 rg/Kg
2-Methylphenol ND 330 L9 /Kg
bis(2-Chloroiscpropyl)Ethe ND 330 Lg/Kyg
4-Methylphenol ND 330 ug/Kg
N-Nitroso-Di-n-Propylamine ND 330 Lg/Kg
. Hexachloroethane ND 330 ug/Kg
Nitrobkenzene ND 330 Lng/Kg
Isophorone ND 330 ug/Kg
2-Nitrophenol ND 330 ug/Xg
2,4-Dimethylphenol ND 330 pg/Kg
Benzoic Acid ND 1600 g /Kg
bis(2-Chlorcethoxy)Methane ND 330 ug/Kg
2,4-Dichlorophenocl ND 330 ug/Kg
1,2,4-Trichlorcbenzene ND 330 ug/Kg
Naphthalene ND 330 pg/Rg
4-Chlorcaniline KD 330 Lg/Kg
Hexachlorobutadiene ND 330 rg/Kg
4-Chloro-3-Methylphenol ND 330 Lg/Kg
2-Methylnaphthalene ND 330 Lg/Kg
tlexachlorocyclopentadiene ND 330 rg/Kg
2,4,6-Trichlorophenol ND 330 kg /Xg
2,4,5-Trichlorophenol ND 800 Lg/¥g
2-Chloronaphthalene - ND 330 pg/Kg
2-Nitroaniline ND 800 pg/Kg
IDimethyl Phthalate ND 330 #g/Kg
Acenaphthylene ND 330 Hg/Kg
Notes

ND - Not detected.

¢ é)w%g; / "u:mw/

cynthda Schreiner, QC Officer




8PL Blank QC Raport page

Matrix: Soil ' Reported on: 06/21/93 15:4
gample ID: 930616SNBl Analyzed on: 06/17/93 15::2
Batch: EX930616000001 Analyst: ADK
Detaection
Compound Result Limit Units
3-Nitrcaniline ND 800 Bg/Kg
Acenaphthene ND{| 330 Hg/Xg
2,4-Dinitrophenol ND 800 bg/Kg
4-Nitrophenol ND 800 pg/Kg
Dibenzofuran ND 330 ug/Kg
2,4-Dinitrotoluene ND 330 ug/Kg
2,6-Dinitrotoluene ND 330 ug/Kg
Diethylphthalate ND 330 pg/Kg
4-Chlorophenylphenyl ether ND 330 Lg/Kg
Flucrene ND 330 pg/Kg
4-Nitroaniline ND 800 pg/Kg
4,6-Dinitro-2-Methylphenol ND 800 kg/Kg
N-Nitrosodiphenylamine (1) ND 330 ug/Kg
. 1,2-Diphenylhydrazine ND 330 rg/Kg
4-Bromophenylphenyl ether ND 330 Lpg/Kg
Hexachlorobenzene ND 330 pg/Kg
Pentachlorophenol ND 800 Lg/Kg
Phenanthrene ND 1330 Hg/Kg
Anthracene ND 330 Lg/Kg
Carbazole ND 330 Hg/Kg
Di-n-Butylphthalate ND 330 pg/Kg
Fluoranthene ND 330 Lg/Kg
Pyrene ND 330 Lg/Kg
Butylbenzylphthalate ND 330 ng/Kg
3,3'-Dichlorobenzidine ND 330 ug/Kg
Benzc(a)anthracene ND 330 ug/Kg
Chrysene ND 330 ©g/Kg
bis(2-Ethylhexyl)Phthalate ND 330 ®g/Xg
Di-n-Octyl Phthalate ND 330 Hg/Xg
Benzo(b) fluoranthene ND 330 pg/Xg
Benzo(k) fluoranthene ND 330 ug/Kg
Benzo(a)pyrene ND 330 pg/Kg
Indeno(l,2,3-cd)pyrene ND 330 Eg9/Kg
Dibenz (a,h)anthracene ND 330 pg/Kg
Notes

ND - Not detected.




8PL Blank QC Report page

Matrix: Soil ' Reported on: 06/21/93 15::
Sample ID: 930616SNB1 Analyzed on: 06/17/93 15::
Batch: EX930616000001 Analyst: ADK
Datection
Compoundad Result Limit Units
Benzo(g,h,i)perylene ND 330 LBg/Kg
QcC
Surrogate Result| Criteria Units
Nitrobenzene-d5 86 23-120{|% Recovery
2-Fluorobiphenyl 67 30-115)|% Recovery
Terphenyl-dl4 70 18-137|% Recovery
Phenol-d5 75 24~113||% Recovery
2-Fluorophenol 79 25-121||% Recovery
. 2,4 ,6-Tribromophenol 86 19-122||%¥ Recovery

Samples in Batch 9306445-01
Notes
ND - Not detected.

® (TS, e

cYntgda Schreiner, QC Officer




*2B
SOIL VOLATILE SYSTEM MONITORING COMPOUND RECOVERY

ILab Name: SPLHOUSTON Contract:

Code: SPL Case No.: 306445 SAS No.: SDG No.: 306445
Level: (low/med) LOW

EPA SMC1 SMC2 SMC3 |OTHER |TOT

SAMPLE NO. |(TOL)#|(BFB)#| (DCE)# ouUT| -
= D= | === | =SS =S
01(sMW1_5_6_ 102 87 92 0 )
02 VSBLKO1 105 S5 S0 0 0
QC LIMITS
SMC1 (TOL) = Toluene-ds8 : ( 84-138)
SMC2 (BFB) = Bromofluorobenzene ( 59-113)

SMC3 (DCE) 1,2~Dichloroethane-d4( 70-121)
# Column to be used to flag recovery values
* Values outside of contract required QC limits

D System Monitoring Compound diluted out

page 1 of 1
FORM II VOA-2 3/90



" 3B'

SOIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Tab Name: SPLHQUSTON

Contract:

.b Code: SPL Case No.: 306445 SAS No.:

Matrix Spike - EPA Sample No.: SMW1l_S5_6

SDG No.: 306445

Level: (low/med) LOW

SPIKE SAMPLE MS MS QcC
ADDED CONCENTRATION | CONCENTRATION % LIMITS

COMPOUND (ug/Kg) (ug/Kg) (ug/KQg) REC #| REC.
1,1-Dichlorcethene 60.20 0 60.60 101 59-172
Trichloroethene 60.20 0 60.72 101 62-137
Benzene 60.20 ] 59.1e 98 66-142
Toluene 60.20 0 58.19 97 59-139
Chloreobenzene 6€0.20 0 59.88 99 60-133

SPIKE MSD MSD

ADDED CONCENTRATION % 3 QC LIMITS

COMPOUND (ug/Kg) (ug/Kg) REC #| RPD #| RPD | REC.
1,1-Dichloroethene 60.20 73.13 122 19 22 59-172
Trichlcroethene 60.20 61.32 102 1 24 62-137
Banzene 60.20 61.57 102 4 21 66-142
Toluene 60.20 62.89 104 7 21 59-139
Chlorobenzene 6€0.20 62.05 103 4 21 60-133

# Column to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits

RPD: 0 out of S
Spike Recovery: 0
COMMENTS:

outside limits
out of _10

outside limits

824OS/TICS,306445,,SMWl'@S.G',L,S,9306445—01A,V,E,X1,

PACK,0623VS2A1,062JBFA1,0623VSBA1,,,,45/3—220@8,INST A,

FORM III VOA-2

3/90




naA EPA SAMPLE No.
VOLATILE METHOD BLANK SUMMARY

VSBLKO1
T % Name: SPLHOUSTON Contract:
. Code: SPL Case No.: 3068445 SAS No.: SDG No.: 306445
Lab File ID: 0623VSBAL Lab Sample ID: VSBLK0106233
‘Date Analyzed: 06/23/93 | Time Analyzed: 1441
GC Column: PACK ID: __2.00(mm) Heated Purge: (Y/N).x__
Instrument ID: A

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD:

EPA LAB LAB TIME
SAMPLE NO. SAMPLE ID FILE ID ANALYZED
01 |SMW1_5_6_ $306445-01A V644501A 1752

COMMENTS: SPL,BLANK,,VSBLKO1l,L,S,VSBLK0O10623A,V,B,5MLS,
PACK, 0623VS2A1, 0623BFAl,,,,,45/3-220@8,INST A,

page 1 of 1
FORM IV VOA 3/90



*l 1

/S 'S

A—
SPL Blank QC Report page
Matrix: Soil Reported on: 06/25/93 09:
Sample ID: VSBLKO010623 Analyzed on: 06/23/93 14:
Batch: VOA930623075300 Analyst: GAB
Volatile Organics
Detection
Compound Result Limit Units
Chloromethane ND 10 Lg/Kg
Bromomethane ND 10 Kg/Kg
Vinyl Chloride ND 10 ug/Kg
Chloroethane ' ND _ 10 Lg/Kg
Methylene Chloride ND|| 5 Lg/Xg
Acetone ND 10 Lg/Kg
Carbon Disulfide ND 5 Lg/Kg
Trichlorofluorcmethane ND 5 pg/Kg
1,1-Dichloroethene ND 5 ug/Kg
1,1-Dichlorcethane ND 5 Lg/Kg
total-1,2-Dichloroethene ND g ug/Kg
Chloroform : ND 5 ua/¥g
1,2-Dichloroethane ND 5 vg/Kg
. 2-Butanone ND 20 Lg/Kg
1,1,1-Trichloroethane ND 5 ug/Kg
Carbon Tetrachloride ND 5 rg/Kg
vinyl Acetate ND 10 ug/Kg
Bromodichloromethane ND 5 ug/Rg
1,2-Dichloropropane ND 5 pg/Kg
Trichloroethene ND 5 pg/Kg
Dibromochloromethane ND 5 Lg/Kg
1,1,2-Trichlorcethane ND 5 Bg/Xg
Benzene ND S ©g/Xg
cis-1,3-Dichloropropene ND 5 sg/Kg
trans-1,3-Dichloropropene ND 5 vg/Kg
2-Chlorcethylvinylether ND 10 Bg/Kg
| 3romocform ND 5 rg/Kg
4-Methyl-2-Pentanone ND 10 Lg/Kg
2-Hexanone ND 10 pg/Kg
Tetrachloroethene ND 5 Lg/Kg
1,1,2,2-Tetrachloroethane ND 5 ug/Kg
Toluene ND 5 ug/Kg
Chlorobenzene ND 5 Bg/Xg
lEthylbenzene ND S Lg/Xg
Notes

ND - Not detected.

® 51dST fogone

Cynghia Schrelinér, QC Officer




8PL Blank QC Report page

Matrix: soil : Reported on: 06/25/93 09
gample ID: VSBLK010623 Analyzed on: 06/23/93 14
Batch: VOA930623075300 Analyst: GAB
Volatile Organics
' : Daetection
Compound Result Limit Units
Styrene ND 5 #g/Kg
Xylene (total) ND 5 Hg/Kg
Qe
Surrogate Result|| Criteria Units
Toluene-d$8 105 84-138)% Recovery
4-Bromofluorobenzene 85 59~-113|%¥ Recovery
1,2-Dichlorcethane-ad4 90 70-1211% Recovery

gamples in Batch 9306445-01
. Notes )
ND - Not detected.

¢ mg; A"L{l%tﬁ//

Cynthla Schreiner, QC Officer




QUALITY CONTROL REPORT

]

SAMPLE ID: 9306445 .
DATE: 06/25/93 ;
ANALYST: NDRC :

METHOD
EPA 8330
BLANK SPIKE MS /MSD LCS DUPLICATE
COMPOUND ng/Kg % RECOVERY RPD RECOVERY RPD
RDX < 1.0 85.0 0 103 -—
TNT < 0.25 88 0 104 -—-
2,4 DNT < 0.25 86.0 0 103 -
2,6 DNT < 0.26 101 1.0 102 —-—

ND = Parameter was analyzed for but not detected.



SPL QUALITY, CONTROL REPORT

ICP ANALYSIS
DATE: 6/z: /13 TIME: 1'%z adq. ANALYST: A7 MATRIX: Son
. INSTRUMENT: 774 GF FILE# Aotz/ _ METHOD: s UNITS: E—L““

SAMPLE ID E43% /p -Ya  byys le  65'7 g 6Y91 jp -Ya

NUMBERS: ] i :
QCSAMPLEID: 1) é4%5s /o 2).

ELEMENT| METHOD| LCS ORIGINAL | DUPLICATE]| . RPD SPIKE MS MSD RPI

Y, BLANK | % REC. QONC. CONC. %o ADDED| %REC. | %REC %
As rp HE.T | O.4563 .2 ~/A 2.0 (tet. ! i 2 &
Ca 3.2 | 0,038 o.22yY Al 0,25 | r°8-% | 4o, 3 2z
o 6.3 | sv.9- SY. ¢ ! 0.0 | 75. 5 1 87.9 s
Pe $2.7 | o:nszx (0.1231 ~fa 2.85 Vyob. € jres. b |
= 9z.% O.o52¢ o.,05°3 /A o0.50 |@°Y-Zifo7. i 3
Ac %9.& C7-37 67.it v .o | $§2-] 9y. 2 /e
8a 9.3 0.%26 lo.3792 | 2.0 jroz.7 ol 4 | 2
i 2.2 Np W /A o-S50 \frz.F |42 ¥ | 2
Be 9z. 5 NP NP ' 0.05 |to.g | wo. % o
co 92.%2 & nNp | wp /.o [r~3.2 s, & z
sa 7.9 & _r» p 3 0.50 (2.9 (Ti 2 | ¥
Aq v 9s.2 b ~p e Y, -0 lioy.Zlley g o
X y .2 1lo.os<;ﬁ RL0SMM [ W\ 4 0,9 ':\\\.\x W b
|
| I _

| | I I

' l i i t

I ! . ! ! ! i

"L | ! ] | i | |

[ i g T ] 1 I !

i 1 - | i i i

L | l ' ! '. !

FLAGS: *Axltbed < ke

SUPERVISOR APPROVAL:  W\egam Yianiaws

DATE:

(&)

PARaNaY




'SPL QUALITY CONTROL REPORT
ATOMIC ABSORPTION ANALYSIS

%ﬁﬁ%ﬁégmy; gi"‘“nT‘Sj 06 (B Eﬁbnw —wigl &Sg/
ELEMENT: .'P‘g '

SAMPLE ID 0@19:6-—45&' Do ([O0-SE) o [c!
NUMBERS: OoMH,RG-E ' "0 G0T-2E~GE; 064£09710

28, SB 7TR=CR ' 06362~ £ SR
OLAXV— |~ BB ,

SAMPLE ID| METHOD| LCS ORIGINAL DUPLIC‘.ATE RPD SPIKE MS _MSD RED
- BLANK | % REC. CONC. CONGC. % ADDED | % REC. | %REC. %

- ) Qf‘ ﬁ
odufag-t€ MBE.GL | i | biseo at¥lgsa] ©

9G 7——6% Mo 7cg~¢§ 2. 0122. 2 & jﬁéo\ca{Oa\QVWrSZQ\--i.
@6}1: ﬁb lﬁ-{ﬁ-(% i !}&CO.Q _ v ;

tl

.|

@ '
_ i |

[

A e e [}

FLAGS:

SUPERVISOR APPROVAL:  Y\eoaa N\ omiceen
. . o . DATE: 9 Daxias




//, lAlmeﬂ:hmge Drive, Houscon, Texas 77034 713/660-0901

Wet Chemistry QA/QC Validation Report

Test Code CRHEYX Date (pzz ZIQ3 Anatyst X£u>
# Of Samplesin Set_ 3 Detection Limit_ 0.0/
Sample #'s in Set , Units ~ ”3/%
30L445-IC '
206215- 1A, 2A
Actual Theoretical Upper Lower
Standards |EM, %T@&BS) | Concentration | Concentration |% Recovery |  Limit Limit
Blank 0.000 _ND ND NA NA NA
1#10.05"Y gD 0.41b 0.05! 0.05 102.0 | InsugeicanT DATA
5 _
#3
#4
Check Std.0} 1074, 0.095 0.10 95.0 <UFEICENT DATRA
Upper Lower
Dupticate #1 #2 RPD (%) Limit Limit Ditution
3002U5- _ND KD o (EEICENT " DAaTA
Concentration | Amount | Concentration| —After- Upper Lower
Spike Sample | BeforeSpike | Added | AfterSpike Before | % Recov Limit Limit
45— ND (P %) oo | 0.097 | 0087 | 470 | TnsufFcedr

Spike Recovery Calculation Relative Percent Difference Calculation
% Recovery = (Actual - Original) X 100 RPD= (#1-#2) X100

Amount Added (#1 + #2)(05)
. Reviewed BYWM é MZZM/ Approved WM—'

Date 4/17/ 92 Date é% % / 73




SPL, QUALITY CONTROL REPORT

ATOMIC ABSORPTION ANALYSIS
DATE: L1143 TIME Qw4 ANALYST: MATRIX:  Oo7f
INSTRUMENT: _H2n2~  FILE# _pj,)1qn  METHOD: UNITS: )!5’[
ELEMENT: Ra
d T
SAMPLE ID -4 -  4o%—2pne (040:2-1_&,38,56,28,3& 94 i
NUMBERS: 237183 Y [,439- :ré Q845 - IC. N
]
[SAMPLEDD| METHOD| LCS | ORIGINAL DUPLICATE RFD | SPKE | MS MSD l RFD i
| i BLANK | %REC.{ CONC. CONC. % | ADDED| %REC.| %REC.
r L : | 'l r ‘ i . ‘
potaet o iional Nn | onn e (200110751 UsSL 7
5 | s I
S T O
. _ , ! l
| ] | |
' j ) L I i ;
[ |I ]l ; ‘ I: l !
| | | ) 1 11
i i | ) i i 1_
1 : i i [ i i i i
] | 5 | z ! | |
— I
] o L
X ! ’ : , | ! , i i
t | | \ | | : ]
[ ] ] ] ! ! [ t !
| | i | | | L
FLAGS -

SUPERVISOR APPROVAL:  \\¢aao Danloxe
DATE: TV QY




//, 14 Iaterchange Drive, Houston, Texas 77054 713/660-0901

Wet Chemistry QA/QC Validation Report
Test Code___ MOLSEP Date 6-16-93 Analyt DSE
Method_ GRAVIMETRIC Time __7:Z20AM MatrixSolL.
# Of Samples in Set & Detection Limit }
Sample #sinSet |2069¢2-3C _||20643/-/€ _||306429-(E Units o WEIGHT.
6/26-45 11206443 4C ||Z06445 1L ! :
2644~ 3C || 2064334760 996439 — (A -D42A
Actual Theoretical Upper Lower
Standards |EM, %T, ABS. Concentration | Concentration |% Recovery Limit Limit
Blank '
#1 -
#2
#3
#4
Check Std.
Upper Lower
Duplicate #1 #2 RPD (%) Limit Limit Dilution
RER24-3A > 3 s 20-4 22-¢
o] = 2 & v d
Concentration | Amount | Concentration| - After- Upper Lower
Spike Sample | BeforeSpike | Added | After Spike Before | % Recovery|  Limit Limit
|
l
Spike Recovery Calculation Relative Percent Difference Calculation
% Recovery = (Actual - Original) X 100 RPED= (#1-#2) X100
Amount Added (#1 + 0.3)
.RevicwedBy \JM——\;.H Approved By, /

Date b! K-\_‘\'b

Date é/é/f 3




SPL. QUALITY TONTROL REPORT
ATOMIC ABSORPTION ANALYSIS

3 Q
o xilidinelao, pemOECum S

SAMPLE ID D bdelS— e ObLA LK
NUMBERS: T J '

SAMPLE ID] METHOD| LCS | ORIGINAL | DUPLICATE| RPD | SPIKE MS | _MSD RPD
BLANK | %REC. ] CONC CONC. % ADDED | %REC %REC. %

N T TN AV IS D PN O

gy EYEES

ad

.—-.__.| -—...—_-1

-1

ST Tl

FLAGS: Scooduaned a0iXe
“ \

SUPERVISOR APPROVAL:  X\¢ (\DA AT
. ' ' SR DATE: Syang\an,




(lr ‘LASO Incecchange Drive, Houscon, Texas 770354  713/660-0901

Wet Chemistry QA/QC Validation Report
TestCode___N23No2_ Dae_8-2.5-93 Aualit_ )V
Method___353-3 Tme__& o Matix L] U7/
.#OfSamplﬁinSet ﬁ Detection Limit O"
Sample #sinSet |:306945-1B|\30€999-)F | |3064.502¢) 1308 Jo3-IF | Units” w2/ L.
. v
Actual Thegoretical Upper Lower
Standards |EM, %T, ABS. | Concentration | Concentration |% Recovery Limit Limit
Blank | ND ND
#1 ° ColumnP| ©-55 0-5o Jlo.e|l J25-3] Y50
#2 B/ oS50 |  o-5o lew.0 —
#3 ©’ o-52 &-Bo J24-0
#4 + D o-5o 0-52 )220 i g
Check Std. &-1b 200 logo | 2:20 | [-7]
| Upper Lower
Duplicate #1 #2 RPD (%) Limit Limit Dilution
Se4A45) ND ND N | B3R A4S ]
Concentration | Amount | Concentration| After- Upper Lower
Spike Sample | BeforeSpike | Added | After Spike Before | % Recovery| Limit Linmit
30f997 0 __ND | _0dB| 043 | o0A3| 4a0 r'o«saq%' cenl
]
AaJal
|
|
Spike Recovery Calculation : Relative Percent Difference Calculation
% Recovery = (Actual - Original) X 100 RPED=  (#1-#) X 100
Amount Added ' (#1 + 035)

-

..evicwcd By MMIM/ - Approved By
Y e, Dat éésf 7=




//" l 8880 Interchange Drive, Hauston, Texas 77054 713/660-0901

Wet Chemistry QA/QC Validation Report
Test Code__ 72¢%S Date &.2/- 93 Analyst  2An
fethod 445/ Time_ 3:60a~! Mauix_PhP7oe
. Of Samples inSet__7 Detection Limit_ /
Sample #s inSet | A3042/5-16926| 19306445 -/E || F306471 16> & ' Units Ry kg
Actual Theoretical Upper Lower
Standards |EM, %T, ABS. Concentration | Concentration | % Recovery Limit Limit
Blank | Mb AD /SA
#1 | | /b.21 /0.0 /0z-) 0% 94 | 92-92
#2 5028 Sp.0 /005 1
#3 [00-0 (000 /00 \
#4 z2o00-/ 200.0 /oo ¥ i
Check Std. 4/7-0% 4/-0 /002 g5/ 37 6
Upper Lower
Duplicate #1 #2 RPD (%) Limit Limit Dilution
62/5-2& 207 207 - /-® g-/ i
4P —2¢ 758 76/ 0.4 } \ )
!
E | |
i 1 L
_l ]
l i I |
Concentration | Amount | Concentration| After - Upper Lower
Spike Sample | BeforeSpike | Added | AfterSpike | Before | %Recovery| Limit Limit
CYY5 - Ie /554 45 -0 55-5¢ 39.¢ 79 /201 -7
| cqa7- v | 25.8/ | go-o ¢C . 63 46.27 | 007 |  + +
L |
r_ | | i
! i I II I
l |
] l l
Spike Recovery Calculation Relative Percent Difference Calculation
% Recovery = (Actual - Original) X 100 RPD = (#1-#2) X 100

Amount Added (#

MM— iZij)/
.eviewedBy / / Approved Byj_‘: ) M

Date (/;""’/¢3 Date ‘/9:2'/73




CHAIN OF CUSTODY
AND

SAMPLE RECEIPT CHECKLIST
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. DATE: 6{/[5/?3 TIME: [0 CLIENT NO.

r v~

SPL HOUSTON ENVIRONMENTAL LABORATORY

SAMPLE LOGIN CHECRLIST

LOT NO. CONTRACT NO.

CLIENT SAMPLE NOS.

SPL SAMPLE NOS.:

1.
2.

S.
18.
11l.

NOTES (reference item number if applicable):

Is a Chain-of~Custody form present? if;,/’//

Is the COC properly completed?
If no, describe what is incomplete:

If no, has the client been contacted about it?
(Attach subsequent documentation from client about the situation)

Is airbill/packing list/bill of lading with j&jpment?
If yes, ID§: vJ 20

Is a DSEPA Traffic Report present?

Is a USEPA SAS Packing List present?

Are custody seals present on the package?
If yes, were they intact upon receipt?

Are all samples tagged or labeled?

Do the sample tagsa/labels match the COC?

If no, has the client been contacted about it?
{Attach subsequent documentation from client about the situation)

W

TR K

\
|

Do all shipping documents agree?
If no, describe what is in nonconformity:

o
Condition/temperature of shipping container: Khﬂ?cf‘ e
Condition/temperature of sample bottles: [ac')o‘.d-_?ﬁ.z
Sample Disposal?: SPL disposal______—" Return to client ' _

=7
ATTEST: ///%' DATE: 6//5"/{3

DELIVERED FOR RESOLUTION: REC'D DATE:
RESOLVED: DATE:
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2B
SOIL VOLATILE SYSTEM MONITORING COMPOUND RECOVERY

Lab Name: SPLHQUSTON Contract:

Code: SPL Case No.: 307161 SAS No.: SDG No.: 30716}

Level: (low/med) LOW

page 1 of 1

Al

EPA SMC1 SMC2 SMC3 |OTHER |TOT
SAMPLE NO. (TOL) #| (BFB) # (DCE} # ouT
01|P-25_4FT_ 113 104 77 0 o]
02| VSBLKO1l 101 104 76 0 0
QC LIMITS
SMC1 (TOL) = Toluene-ds8 ( 84-138)
SMc2 (BFB) = Bromofluorobenzene ( 59-113)
SMC3 (DCE) = 1,2-Dichloroethane-d4( 70-121)

# Column to be used to flag recovery values
* vValues outside of contract required QC limits

D System Monitoring Compound diluted out

FORM II VOA-2

3/90



t

3B

SOIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

I.ab Name: SPLHOUSTON Contract:
ab Code: SPL Case No.: 307137 SAS No.:
!atrix Spike - EPA Sample No.: WS=-063093-3

SDG No.: 307161

Level: (low/med) LOW

SPIKE SAMPLE MS MS Qc .
ADDED CONCENTRATION|CONCENTRATION : 5 LIMITSE

COMPOQUND (ug/kg) (ug/Kg) (ug/Kg) REC #| REC.
1,1-Dichloroethene 50.00 0 47.70 95 |59-172.
Trichloroethene 50.00 0 47.20 94 62~-137.
Benzene 50.00 0 49.40 89 66=-142
Toluene 50.00 0 53.50 107 59-139
Chlorobenzense 50.00 0 51.10 102 60~-133

SPIKE MSD MSD

ADDED CONCENTRATION % 3 QC LIMITS

COMPOUND (ug/Kg) (ug/Kg) REC #| RPD #| RPD | REC.
1,1-Dichloroethene 50.00 45.50 91 4 22 59-172
Trichloroethene 50.00 47.70 85 1 24 62-137
Benzene 50.00 47.00 94 5 21 66-142
Toluene 50.00 53.10 106 1 21 59-139
Chlorobenzene 50.00 52.40 105 3 21 60-133

# Column to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits

RPD: 0 out of 5 outside limits
Spike Recovery: 0 out of _10

outside limits

COMMENTS: 8240S,307137,,WS-063093-3,L,S,9307137~-03C,V,E, X1,
PACK, 0709VS2Al,0709BFAl,0709VSBAL,,,,45/3-22088,INST A,

FORM III VOA-2

3/90



4R EPA SAMPLE xo
VOLATILE METHOD BLANK SUMMARY |

VSBLKO1
Lab Name: SPLHOUSTON : Contract:
b Code: SPL Case No.: 307161 SAS No.: SDG No.: 307161
.ab File ID: Q709VSBAL ‘ Lab Sample ID: VS 709
Date Analyzed: 07/09/93 _ Time Analyzed: . 9848
GC Column: PACK ID: 2.00 (mm) Heated Purge: (¥/N) ¥ -
Instrument ID: A |

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD:

EPA LAB LAB TIME
SAMPLE NO. SAMPLE ID FILE ID ANALYZED
01|P-25_4FT_ 9307161-~01A V716101 1127

COMMENTS: SPL,BLANK, ,VSBLKO1,L,S,VSBLK0O10709A,V,B, SMLS,
PACK,0709VS2A1,0709BFAL,,,,,45/3-22088,INST A,

.ge l of 1
FORM IV VOA 3/90



7 4

8PL Blank QC Report page
Matrix: Soil ) Reported on: 07/13/93 17:
Sample ID: VSBLKO010709 Analyzed on: 07/09/93 08:
Batch: VOA930709072300 Analyst: GAB
Volatile Organics
Detection
Compound Result Limit Units
Chloromethane ND 10 kg/Kg
Bromcmethane ND 10 Lg/Kg
vinyl Chloride ND 10 Lg/Kg
Chlorcethane ND 10 Lg/Kg
Methylene Chloride ND 5 Lg/Kg
Acetone ND 10 Lg/Kg
Carbon Disulfide ND 5 Lg/Kg
Trichlorofluoromethane ND 5 Lg/Xg
1,1-Dichloroethene ND 5 Lg/¥g
1,1-Dichloroethane ND 5 Lrg/¥Xg
total-1l,2-Dichloroethene ND 5 pg/Kg
Chloroform ND 5 Ly /Xg
1,2-Dichloroethane ND 5 £g/Kg
. 2-Butanone ND 20 rg/Kg
1,1,1-Trichlorocethane ND 5 ug/Kg
Carbon Tetrachloride ND 5 rg/Xg
vinyl Acetate ND 10 rg/Xg
Bromodichloromethane ND 5 12g/¥g
1,2-Dichloropropane ND 5 rg/Xg
Trichlorocethene ND 5 Lg/Xg
Dibromochloromethane ND 5 Lg/¥g
1,1,2-Trichloroethane " ND 5 rg/Kg
Benzene ND 5 Kwg/Xg
cis-1,3-Dichloropropene ND 5 kg /Xg
trans-1,3-Dichloropropene ND 5 ug/Xg
2-Chlorcethyvlvinylether ND 10 pg/Kg
|2romoform ND 5 pg/Xg
14-Methyl-2-Pentanone ND 10 ug/Kg|
2-Hexanone ND: 10, rg/Kg
Tetrachloroethene ND 5 kg /Xg
1,1,2,2-Tetrachloroethane ND 5 Lg/Xg
Toluene ND 5 pg/Xg
Chlorobenzene ND 5 pg/Xg
Ethylbenzene ND 5 ©g/¥g
Notes

ND - Not detected.

cynttia Schreiner, QC Officer




8PL Blank

Matrix: Soil
gample ID: VSBLKO010709
Batch: VOA930709072300

Volatile Organics

QC Report

Reported on: 07/13/93 17:
Analyzed on: 07/09/93 08:

Analyst: GAB

Detection
Compound Result Limit Units
Styrene ND 5 Lg/Kg
Xylene (total) ND 5 Bg/Kg
QcC
Surrogate Result| Criteria Units
Toluene-ds 101 84-138||% Recovery
4-Bromofluorobenzene 104 59-113([% Recovery
1,2-Dichloroethane~d4 76 70-121[l$ Recovery

Samples in Batch 9307161-01
Notes
ND - Not detected.

XN,

Cynthia Schreiner, QC Officer

Page



2D
SOIL SEMIVOLATILE SURROGATE RECOVERY

Lab Namea: SPLHOUSTON Contract:

b Code: SPL, Case No.: 307161 SAS No.:

SDG No.: 3071631
’evel: (low/med) LOW |

EPA s1 82 53 54 S5 56 s7 s8 TOT
SAMPLE NO. | (NBZ)#| (FBP)#| (TPH)#| (PHL) #| (2FP) #| (TBP) #| (2CP) #| (DCB}#|OUT
01| P-25 91 79 83 84 87 99 g4 77 0
02| SBLKO1 8% 84 98 87 93 92 S8 81 0
QC LIMITS
S1 (NBZ) = Nitrobenzene-d5 ( 23-120)
S2 (FBP) = 2-Fluorcbiphenyl ( 30-115)
S3 (TPH) = Terphenyl-dl4 ( 18-137)
S4 (PHL) = Phenol-d5 ( 24-113)
S5 (2FP) = 2-Fluorophenol ' ( 25-121)
S6 (TBP) = 2,4,6-Tribromophenol ( 19-122)
S§7 (2CP) = 2-Chlorophenol-d4 ( 20-130) (advisory)
S8 (DCB) = 1,2-Dichlorobenzene-d4 ( 20-130) (advisory)

# Column to be used to flag recovery values
* Values outside of contract required QC limits
D Surrogate diluted out

page 1 of 1
FORM II SV-2 3/90



SOIL SEMIVOLATILE MATRIX SPIKE/MATRIX SPIKE

Lab Name: SPLHOUSTON

ab Code: SPL

Case No.: 306408
.1atrix Spike - EPA Sample No.: SB-1D

3D

Contract:

SAS No.:

DUPLICATE RECCOVERY

SDG No.: 307161

Level: (low/med) LOW

SPIKE SAMPLE MS MS QC
ADDED CONCENTRATION | CONCENTRATICN % LIMITS
COMPOUND (ug/Xg) (ug/Kg) (ug/Kg) REC #| REC.
Phenol 3010 0 2202 73 |26~ s¢C
2-Chlbrophenol 3010 0 2154 72 |25-102
1,4-Dichleorobenzene 2010 0 1286 64 28-104
N-Nitroso-di-n-prop. (1) | 2010 0 1607 80 41-12¢
1,2,4-Trichlorobenzene_| 2010 0 1342 67 38-107
4-Chloro-3-methylphenol| 3010 4] 2065 69 26-103
Acenaphthene 2010 0 1503 75 31-137
4-Nitrophenol 3010 o} 2041 68 11-114
2,4-Dinitrotoluene 2010 ) 1471 73 28— 8%
Pentachlorophencl 3010 0 1921 €64 17-10%
Pyrene 2010 0 1197 60 35-142
| SPIKE. MSD MSD
ADDED CONCENTRATION| % % QC LIMITS
_ COMPQUND (ug/Kg) (ug/Xqg) REC #| RPD #| RPD | REC.
.=Phenol 3010 2363 78 7 s 26— SC
2-Chlorophencl 3010 2282 76 5 50 25=-102
1,4-Dichlorobenzene 2010 1318 66 3 27 28~-104
N-Nitroso-di-n-prop. (1) 2010 1680 84 5 38 41-12¢
1,2,4-Trichlorobenzene_| 2010 1446 72 7 23 38-107
4-Chloro-3-methylphenol| 3010 2242 74 7 33 26-103
Acenaphthene 2010 1567 78 4 19 31-137
4-Nitrophenol 3010 1872 62 9 50 11-114
2,4~Dinitrotoluene 2010 1567 78 7 47 28=- 8¢
Pentachlorophenol 3010 1535 51 23 47 17-10¢
Pyrene 2010 1262 63 5 36 35-14:Z
(1) N-Nitroso-di-n-propylamnine
# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits
RPD: __0 out of _11 outside limits
Spike Recovery: __0 out of _22 outside limits
COMMZINTS: 3270,306408,,SB—lD,L,S,9306408-02C,B,E,30-1,6/16 DE-2UL
CAP,0617S2F1,0617DFF1,,,,,40/4--300@10,INST F
FORM III SV-2 3/90



4B EPA SAMPLE No,
SEMIVOLATILE METHOD BLANK SUMMARY

SBLKC1

b Name: SPLHOUSTON Contract:

.b nglef_ SPL Case No.: 30716 SAS No.: SDG No.: 307161
Lab Fi-]-..e ID: E4?L63 . Lab Sample ID: 93Q709SNB]
Instrumenf IDi .-E_..__.._ Date Extracted: 07/09/93
Matrix: (soil/water) SOIL Date Analyzed: 07/12/93
Level: {low/med) =~ LOW___ Time Analyzed: 244

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD:

EPA LAB _ LAB DATE
SAMPLE NO. SAMPLE ID FILE ID ANALYZED
01|p-25 9307161-01B E4283 07/13/93

COMMENTS: ,BLANK,,SBLKO1,L,W,930709SNB1,B,B,C,E,
C,E4261,E4260,,,,,.E

Qge jofl

FORM IV SV 3/90



BPL Blank QC Report

Page

07/15/93 11:
07/12/93 12:
LH

Matrix: Soil Reported on:
sample ID: 330709SNB1 Analyzed on:
Batch: EX930709000001 Analyst:
Daetection
Compound Result Limit Units
Pyridine ND 330 rg/Kg
Phenol ND 330 ug/Kg
Aniline ND 330 ug/Xg
bis(2-Chloroethyl)Ether ND 330 ng/Kg
2-Chlorophenol ND 330 Lg/Kg
1,3-Dichlorobenzene ND 330 rg/Xg
1,4-Dichlorobenzene ND 330 Lg/¥g
Benzyl Alcchol ND 330 ug/Kg
1,2-Dichlorobenzene ND 330 ug/Xg
2-Methylphenol ND 330 Lg/Xg
bis(2-Chloroisopropyl)Ethe ND 330 ug/Kg
4~Methylphenol ND 330 Lg/Kg
N-Nitroso-Di-n-Propylamine ND 330 rg/¥Xg
Hexachlorcethane ND 3230 Lg/Kg
Nitrobenzene ND 330 MG /Kg
Isophiorone ND 330 rg/Xg
2-Nitrophenol ND 330 Lg/Xg
2,4-Dimethylphenol ND 330 Lg/Xg
Benzoic Acid ND 1600 Lg/Kg
bis(2-Chloroethoxy)Methane ND 330 rg/¥g
2,4-Dichlorophenol ND 330 kg/Kg
1,2,4-Trichlorobenzene ND 330 Lg/¥g
Naphthalene ND 330 Lg/Kg
4-Chloroaniline ND 330 LG /Xg
Hexachlorohutadiene ND 330 vg/Xg
4-Chloro-3~Methylphenol ND 330 Lg/Xg
2-Methvylnapnhthalene ND 330 g /Xg
Hexachlorocyclopentadiene ND| 330 Lg/Xg
2,4,8-Trichlorophencl ND 330 pg/Xg
2,4,5-Trichlorophencl ND 800 LS/ ¥Xg
2-Chloronaphthalene ND 330 Eg/Xg
2-Nitroaniline ND 800 Hg/Kg
Dimethyl Phthalate ND 330 rg/Xg
Acenaphthylene ND 330 Bg/Xg,
Notes

ND - Nobt detected.

C5T0S, Ly

cynthia Schreiner, QC Officer




(I,

8PL Blank QC Report page
Matrix: Soil Reported on: 07/15/93 11::
Sample ID: 930709SNB1l Analyzed on: 07/12/93 12::
‘Batch: EX930709000001 Analyst: LH
Detection :
Compound Result Limit Units
3-Nitrcaniline ND 800 Hg/Kg
Acenaphthene ND : 330 Brg/Kg
2,4~Dinitrophenol _ ND 800 $g/Kg
4-Nitrophenol . ND 800 rg/Kg
Dibenzofuran © ND|| . 330 Lg/Kg
2,4-Dinitrotoluene ND 330 pg/Kg
2,6-Dinitrotoluene ND 330 kg /Kg
Diethylphthalate ND 330 pg/Kg
4-Chlorophenylphenyl ether ND 330 rg/Xg
rluorene ND 330 Lg/Kg
4-Nitrocaniline ND 80O Lg /Ky
4,6-Dinitro-2-Methylphenol ND 800 Lg/Kg
N-Nitrosodiphenylamine (1) ND 330 rg/Kg
1,2-Diphenylhydrazine ND 330 Lg/Kg
. 4-Bromophenylphenyl ether ND 330 Lg/Kg
Hexachlorobenzene ND 230 vy /Kg
Pentachlorophenol ND goa rg/Kg
Phenanthrene ND 330 vg/Kg
Anthracene ND 330 1g/Kg
Carbazole ND 330 rg/Kg
Di~n-Butylphthalate _ ND 330 ug/Kg
Fluoranthene ND 330 kg/Kg
Pyrene ND 330 ug/Xg
Butylbenzylphthalate ND 330 rg/Xg
3,3'-Dichlorobenzidine ND 330 ng/Kg
Berzof{a)anthracene ND j3o rg/Xg
Chrysene ND 330 ug/Kg
bis(2-Ethylhexyl)Phthalate ND 330 rg/Kg
Di-n-Octyl Phthalate ND 330 rg/Kg
Benzo(b) fluoranthene ND 330 Lg/Kg
Benzo (k) fluoranthene ND 330 ug/Kg
Benzo(a)pyrene ND 330 ug/¥g
Indeno({l,2,3—-cd)pyrene ND 3390 kg /Kg
Dibenz {a,hjanthracene ND 330 ug/Kg

Notes
ND - Neot detected.

® O SUdS innes

CyntHia Schrelner, QC Officer




8PL Blank QC Report page

Matrix: Soil . Reported on: 07/15/93 11:
gample ID: S$307095NB1l Analyzed on: 07/12/93 12:
Batch: EX93070900000Q1 Analyst: LH
Detection
Cempound Result Limit Units
Benzo(g,h,i)perylene ND 330" ©rg/Kg
QC
Ssurrogate Result| Criteria Units
Nitrobenzene-ds 89 23-1201% Recovery
2-Flucrobiphenyl 84 30-115(|% Recovery
Terphenyl-dl4 98 18-137|| % Recovery
Phenocl-ds 87 24-113|% Recovery
2-Fluorophenol 93 25-121||% Recovery
2,4,6-Tribromophenol 92 15-122(|% Recovery

Samples in Batch 9307161-01
Notes
ND - Not detected.

&@&\ALL 4

Cynthla Schreiner, QC Officer




S &

8880 larerchange Drive, Housron, Texas 77034 713/660-0901

Wet Chemistry QA/QC Validation Report

Test Code___M0ISEF Date_7-9-43 Analyt_D.
Method ___GZAVIME TRIC Tme_[D.00A™ Matrix SOIL.
.; Of Samples in Set_550 | Detection Limit |

. r
Sample #'sinSet 27222424 |1207/4/-/c 7252 (A6 207253 (4Bt UMMH T

0108kl od | porsni8-766| 207/ 01- 268\, 78 |37 328 | 307205
714618788 | | 207/2878, 02247 (A -2 74 27263 48.68— 93
Actual Theoretical Upper Lower
Standards |EM, %T, ABS. | Concentration | Concentration |% Recovery Limit Limit
Blank
#1
#2
#3
#4
Check Std.
Upper Lower
Duplicate #1 #2 RPD (%) Limit Limit Dilution
73265 /6 /7 -l JOﬁf z2.4
gl 22 | 25 (2- / I
/9-78___ 17 /6 6/ [ [
vy .2t 2 P74 A [ /
307252-6}' /6 o) 65 v v
|

Concentration | Amount | Concentration| After- Upper Lower
Spike Sample | BeforeSpike | Added | AfterSpike | Before | % Recoveryl  Limit Limit
I
.'
} i
l
|
l
Spike Recovery Calculation Relative Percent Difference Calculation
% Recovery = (Actual - Original) X 100 RPD = (#1-#2) X 100
Amount Added (#

i I [ s ( )
:,.vedB‘y Vs 1/ ! e AppmvedByﬁ/

-
-

“
Due___ 7/3/93 Date f2l4




SPL QUALITY CONTROL REPORT

ICP ANALYSIS
DATE: 7/e/93  TIME: 09:29 aM. ANALYST: A, MATRIX: %
INSTRUMENT: 770 616 FILE# Ao7it METHOD: _/ér UNTTS: _rppgy
QAMPLE[D ZYs 1e-%s  7i6) e, Tl s 3s_sg 73 7137 /2 -bn
NUMBERS o
QCSAMPLEID: ). 7t 75 2).
ELEMENT{ METHOD| LCS ORIGINAL | DUPLICATE| . RPD SPIRE MS MSD RPD
BLANK | % REC CONC. CONC. % ADDED | %REC. | %REC. G
A ~p 7.1 3¢. z2 22.9% ** Yy |ir0.0 73 6 g6. y <
G gY. & 0. o1 p dlp |ozs 1 92.3 |83.¢ 9
ZA 3.9 0. 29 i - o. 50 5. ¢ 9.3 ~
: Ny ?a.é&_s 7y o ¥ e. 5o 7L. 5 95, o 2
| &a g7. 2 Q. (o095 0.58 2y s z-2 6.0 195.3 b
| ps 24 .4 ~p Np i o5~ | 97.9 | 62,5 | &
| & 9. o ~p ~p oc.o5 1/03.0 |too.y | =2
i 8 {el. s ”P ~p .0 | o2.0 | 9%. 2 L/
U, 9o 1 oty rp | 005 (272 | 77.¢ | 5
Aq G, . % § re w7 c.ec [ /2.2 | 9¥-0 | €
'd: v 5.5 | ©O.ous | p.o3zg s 0.20 | 9Y.0 g5. & q
i ! '
E i |
! ! !
i |
i 'i |
| | i |
1

AN EE = e | e e

e et et i A — ————— —y

|
|
i
!
|
i
l

.

FLAGS:

f*Su, CoGo - ﬂﬂ\ﬂ"'b&h-/‘(. .

Arolshicd g5 dee

SUPERVISOR APPROVAL:  Y\ggge. Nmiqw
fj AL

DATE:




SPL QUALITY CONTROL REPORT
ATOMIC ABSORPTION ANALYSIS

® DAT&MWL ¥ é%mm@&j‘
INSTR : fﬁ‘ﬁzm#o [ MEI’HOD

ELEMENT VS

SAMPLE DD O‘"l[o‘i‘-";—-lﬁ"‘gki NI LN YN
NUMBERS: reRe A A ' >

[§AMPLE1D] METHOD| LCS | ORIGINAL | DUPLICATE] RPD SPIKE | MS | MSD
| BLANK | %REC. | CONC. CONC. ADDED| %REC. | %REC.| %

@7(574& UH o7, 1M Mo, ‘Lﬁm sl dlof 12

©7r57~%&JL5J[9 %/w:b o A uw@ a(OSq([eStgo

| ' | i
- i j ] ! : ! | i
i | | [ | u , | i
i } 13 | i
.% i ! [ | i i i
i i i [ | i [ B i
i i l i i b [ { f
! I i | i i | i
| i | s.i | i | |
: i ‘ i ! i i ' |
l i | i i i i [ 1 i
i— L H & '] ; + ] j l
j i | | l i | i i
i | i | 1 i | l b
t [ ; i 3 | | '
i 1 i ] i i} | [ i
! 1 : I n i - *
! 5 ! A , i | :
-5 : ! ] ! T I I .
: ; | i : . 3 , i :
! i i 1 ! | q i :
[ ] } [ 1 | "l 1
l 3 - I i
| | | '] | | :'} | i
FLAGS:
. SUPERVISOR APPROVAL:  N\\euna Dt
DATE: ARG




/IJ—LASO lacerchange Drive, Houston, Texis 77054  713/660-0901
Wet Chemistry QA/QC Validation Report

Test Code  CLHEL Date 7-12-93 Analyst_ pam
*{ethod HicH Tme /0. 004 Matrix Jerme
.— Of SamplesinSet__ | Detection Limit 0.0l
Sample #'s inSet |307/6 /- IC i} Units_ Rw/#a-
F U
i
| Actual Theoretical Upper Lower
Standards |EM, %T,ABS. | Concentration | Concentration | % Recovery Limit Limit
Blank | ND M M
#1 | - _
#2 |
#3
#4 |
Check Std. 0.097 &. /0 A ISSAFE | JA T
b Upper Lower
Duplicate #1 #2 RED (%) Limit Limit Dilution
e, K AD D N JAGURE DATA
I
l | | | l
I l l | ‘. |
i | | l l I
b Concentration | Amount | Concentration] After- Upper Lower
Svike Sample | Before Spiks Added | After Spike Before | % Recovery|  Limit Limit
216l =1C 2D 010 6-097 2-097 @7 [ATRLFF | D
|
' | l l | | l i
| ! l | | 1 |
| \ | i
| l | 1
i I ! I
Spike Recovery Calculation Relative Percent Difference Calculaton
% Recovery = (Actual - Original) X 100 RPD=  (#1-#) X100

Amount Added
.vicwed By )/MW b N&b,’/\\/ J‘
7—12~93

AW/
/
Agproved By /

7//2/ 73




SPL QUALITY CONTROL REPORT
ATOMIC ABSORPTION AN.ALYS]S

pae a4z T™E _@og9 ANALYST: S mm_@
@ [STUET 804 FIEE 07094 METHODIGyp NI ug 1

EI EMENT: Ha
4

SAMPLE ID 7097-28 - 7100~ IR AR IR %&3&-—/&6 .'
NUMBERS: 2137 1A -LB | T/45 - [B-3A G Thpl-lc”

ADDED %REC.I %REC.'

[ SAMI’I.E[D) METHOD| LCS | ORIGINAL |DUPLICATE! RPD B SPIKE |
|

| BLANK | %REC | _cone | coNc | %

'_Laoml oy (050l mn | Nd LN sz)l?z)é’i_ﬂé’___
TS Ny P2l L L ﬁ ! /0551//45 7
I o |

| T | ] e

) ‘ | 1 ‘ I i : i
¢ ] |
N R
N T DO T N N

| ] | o L

| ; ; i - ; " |

R N T o |

l o : I

‘ l ! 2 f E i! ! .

. ] | o i

FLAGS: -

SUPERVISOR APPROVAL: Woqaa  NCRIa™M
. DATE: S\,




SPL QUALITY CONTROL REPORT
ATOMIC ABSORPTION ANALYSIS

® nrlifitrelliil ) g 10cCons @‘9%
ELEMENT  SSE \ ‘mj—\'

SAMPLE ID O A5 BB, o) (R)- (-6
NUMBERS: Q7 (6 (~ [ . Z

SAMPLE[D' METHOD| LCS |§ ORIGINAL | DUPLICATE; RPD SPIKE MS I MSD l RPD
{ BLANK | %REC. CONC. CONC, % ADDED |- % REC. [ % REC, %
Ve 4 bo-olor fon !

o (z7-22 MM|(l- (s> | s A o ool lo>7% 2

i (31 E ﬁ l ; ] | i

i /  MPl e s f bernl ~—————

| l | | ! I l ! i

| | i ' | d | |
! i i | 5 i i

1 1 —

. i i [ ! | i i i

F ! ! [ | | ] ! !

i i i i I ! i . | {

! i 1 [ | | i { I

' ! ; | I i il 1 i

i | I | | [ ) !

| ! | 3 | f! ! | |

E b ) |

| i | i | : | 1

] i i | | i [ i

L ! i L] | H i \

! i L : i q i i i

! | ' Z:' ] - !

S o |

l ’ ' 1 ! ! 1 !

[ | | q J ] 1 |

! i i 1 i ] i | I :

[ i i ] i ] 1 I ! !

| | | ] i _l i} | | |

FU\GS-@C' 5’51%‘ > 1 ebe amqﬂt{l—t_\% ‘S"’P‘\.&:QGQ

. SUPERVISOR APPROVAL: Nlew o Slonioes
DATE: G\




/Iﬂéo Inteechange Drive, Houston, Texas 77034 713/660-0901

Wet Chemistry QA/QC Validation Report

Test Code__ 70¢% Date7./3-73 Analyst pam
ethod___ /51 Time__ 4:65% Matrix_Pepret
.e Of Samplesin Set__/ Detection Limit !
| .
Sample #'sinSet L 307/6/ - /& [ Um_—&_ﬂa
-
1.
Actual Theoretical i Upper Lovwer
Standards |EM, %T, ABS. | Concentration | Concentration | % Recovery Limit Limit
Blank NO N D AR
#1 /0. [b 100 /016 19899 92.42
# Lol | 500 1002 n
#3 .36 /006 994 '
Check Std. 40-89 41-0 9.7 451 247
[ Upper Lower
Duplicate #1 #2 RPD (%) Limit Limit Dilution
7/6/-1E 337 337 =~ /- R./ _ {
1 |
| | |
L | | 1 | i
Concentration | Amount | Concentration| After - Upper | Lower
Spike Sample | Before Spike Added | AfterSpike Before | % Recovery Limit l Limnt
7/16/-1E 33-1 q06 | —73.¢2 | 3992 798 /2ol | 7%
l |
! | | {
| | | |
l | I ! |
| ! | | I |
| | | | | [
Spike Recovery Calculation Relative Percent Difference Calculaticn
% Recovery = (Actual-Original) X 100 RPD = (#1-#2) X100

Amount Added (#?(O—ﬂ 4‘%‘
.cvicwed By_ - leus 4 %a&___ Approved By 7// /

Date 7//¢/ 73 Data -%9/ ?3




SAMPLE ID: 9307161
DATE: 07/15/93
ANALYST: NDRC

QUALITY CONTROL REPORT

AY

METHOD
EPA 8330
BLANK SPIKE MS/MSD ICS  DUPLIGATE
COMPOUND mg/Kg % RECOVERY RPD RECOVERY  RPD
RDX < 1.0 85.0 0  85.0 ——-
DNB < 0.25 79.5 1.3 79.0 ——-
2, 4~DNT < 0.25 79.5 1.3 80.0 —

ND = Parameter was analyzed for but not detected.



CHAIN OF CUSTODY
AND

SAMPLE RECEIPT CHECKLIST
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. DATE:

SPL BOUSTON ENVIRONMENTAL LABORATORY

LOT N

CLIEN

)
7/7 TIME: 8 :06 CLIENT NO.
o._+ CONTRACT NO.

T SAMPLE NOS.

SPL S

AMPLE NOS.: ?{307/6/

YES NO
1. Is a Chain-cf-Cistody form present? —
2. Is the COC properly completed? =
If no, describe what is incomplete:
If no, has the client been contacted about it?
(Attach subsequent documentation from client abhout the situation)
3. Is airbill/packing lis@{biLk, £ ladi with shipment? —
. If yes, ID#:
4. Is a USEPA Traffic Report present? =~
S. Is a USEPA SAS Packing List present? —_
6. Are custody seals present on the package? —_
If yes, were they intact upon receipt?
7. Are all samples tagged or labeled? —
Do the sample tags/labels match the COC? —
If no, has the client been contacted about it? )
{(Attach subseguent documentation from client about the situation)
8. De all shipping documents agree? —
If no, describe what is in nonconformity:
S. Condition/temperature of shipping container: ZbHQCHLtC;
18, Condition/temperature of sample bottles:___- Tnor>t¥*; :
11. Sample Disposal?: SPL disposal_ 7 Return to client__
NOTES Sgiférence item number if applicable):
N\
N | [
| Je onre:_ | [143
DELIVERED—E@R RESOLUTION: REC'D - DATE: A

RESQLVED: DATE:




QUALITY CONTROL DOCUMENTATION



‘2B ¢
SOIL VOLATILE SYSTEM MONITORING COMPOUND RECOVERY

L.ab Name: SPLHOUSTON Contract:

o2 Code: SPL Case No.: 307645 S§AS No.: _ SDG No.: 307645

vel: (low/med) LOW

EPA SMC1 SMC2 SMC3 |OTHER |TOT
SAMPLE NO. |(TOL)#| (BFB)#| (DCE)# ouT
01|MW-2-5_4_ 95 99 84 0 0
02| VSBLKO1 98 S4 85 0 0
QC LIMITS
SMC1 (TOL) = Toluene-ds ( 84-138)
SMC2 (BFB) = Bromofluorobenzene { 59-113)

SMC3 (DCE) 1,2-Dichloroethane-d4( 70-121)
# Column to be used to flag recovery values
* values outside of contract required QC limits

D System Monitoring Compound diluted out

page 1 of 1
FORM II VOA-2 _ 3/90



' 3B

SOIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

TL.ab Name: SPLHOUSTON Contract:
b Code: Case No.: BLANK SAS No.: SDG No.: 307645
Qatrix Spike -~ EPA Sample No.: VSBLXOL Level: (low/med) LOW
SPIKE SAMPLE MS MS QcC
ADDED CONCENTRATION| CONCENTRATION % LIMITS
COMPOUND (ug/¥Kg) (ug/Kqg) (ug/Kg) REC #| REC.
1,1-Dichloroethene 50.00 0 56.80 114 59-172
Trichloroethene 50.00 0 56.60 113 62-137
Benzene 50.00 0 48.40 97 66-142
Toluene 50.00 0 52.80 10§ 59-135
Chlocrobenzene 50.00 0 53.50 107 60-133
SPIKE MSD MSD
. ADDED CONCENTRATION : 5 - 1 QC LIMITS
COMPQUND (ug/Xg) (ug/Kg) REC #| RPD #| RPD | REC.
1,1-Dichlorcethene 50.00 55.00 110 4 22 59-172
Trichlorcethene 50,00 52.70 105 7 24 62-137
Benzene 50.00 54.80 110 13 21 66—-142
Toluene 50.00 51.00 102 4 21 56=-135
Chlorobenzene 50.00 50.20 100 7 21 60-132

# Column to be used to flag recovery and RPD values with

* Values cutside of QC limits

RPD: 0 out of 5
Spike Recovery: 0
COMMENTS:

outside limits
out of _10

outside limits

SPL,BLANK, ,VSBLKO1l,L,S,VSBLKO10723A,V,B,5MLS,

PACK,0723VS2A1,07238FAL,,,,,45/3-22088,INST A,

FORM III VOA-2

an asterisXk

3/90



: 4A EPA SAMPLE NoO.
VOLATILE METHOD BLANK SUMMARY

VSBLKO1
b Name: SPLHOUSTON Contract:

.b Code: SPL Case No.: 307645 SAS No.: SDG No.: 307645
Lab File ID: Q725VSBAZ ‘ Lab Sample ID: VSBIK010725A
Date Analyzed: 07/25/93 Time Analyzed: . A137
GC Column: PACK ID: (mm) - Heated Purge: (Y/Ni Y

Instrument ID: A

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD:

EPA LAB 1LAB TIME
SAMPLE NO. SAMPLE ID FILE ID ANALYZED
01|Mw-2-5_4_ 9307645-01A V764501A 1252

COMMENTS: SPL,BLANK,,VSBLKO1,L,S,VSBLKO10725A,V,B,SMLS,
PACK, 0725VS2A2, 0725BFAl,,,,,45/3-22088,INST A,

page 1 of 1
' FORM IV VOA 3/90



8PL Blank QC Report Page

Matrix: Soil Reported on: 07/27/93 13:.
S8ample ID: VSBLKO010725 Analyzed on: 07/25/93 11::
Batch: VOAS30725091200 Analyst: GAB
Volatile Organics
=
bDetaction
Compounad Result Limit Units
Chloronethane ND 10 Hg/Kg
Bromomethane ND 10 by /Kg
Vinyl chloride : ND 10 pg /Ky
Chlorocethane ND 10 Lg/Kg
Methylene Chloride NDJ| 5 Hg/Kg
Acetone ND 10 Hg/Kg
Carbon Disulfide ND 5 Lg/Xg
Trichlorofluoromethane ND 5 ug/Xg
1,1-Dichlorcethene ND 5 Lg/Kg
1,1-Dichlorcethane ND 5 LY /Kg
total-l,2-Dichloroethene ND 5 Lg/Kg
Chloroform ND 5 Ly /Kg
1,2-Dichlorocethane ND 5 rg/Kg
. 2-Butanone ND 20 ug/Xg
1,1,1-Trichlorcethane ND 5 vg/Kg
Carbon Tetrachloride ND 5 Lg/Kg
Vinyl Acetate ND 10 Ly /Kg
Bromodichloromethane ND 5 pg/Kyg
1l,2-Dichloropropane ND 5 rg/Kg
Trichloroethene ND 5 ug/Kg
Dibromochloromethane ND 5 Lg/Kg
1,1,2-Trichloroethane ND 5 Lg/Ka
Benzene ND 5 ug/Kg
cis-1,3-Dichloropropene ND 5 Lg/Kg
trans-1,3~-Dichloropropene ND 5 ug/Xg
2-Chloroethylvinylether ND 10 Lg/Xg
Bromeform : ND 5 rg/Kg
4-Methyl-2~Fentanone ND 10 rg/Kg
2-Hexanone ND 10 ug/Kg
Tetrachloroethene ND 5 1g/Xg
1,1,2,2-Tetrachloroethane ND 5 rg/Kg
Toluene ND 5 ra/Kg
Chlorobenzene ND 5 rg/Xg
Ethylktenzene ND S rg/Xg
Notes

ND = Not detected.

Cynthia Schreiner, QC Officer



Soil

Matrix:
Sample ID: VSBLK0O10725

8PL Blank QC Report

Reported on:
Analyzed on:

page

07/27/93 13:
07/25/93 11:

GAB

Batch: VOA930725091200 Analyst:
Vvolatile Organics
Detection
Compound Result Limit Units
Styrene ND 5 ug/Kg
Xylene (total) ND 5 pg/Kg
QcC
surrogate Result| Criteria Units
Toluene-ds 98 84-138||% Recovery
4-Bromofluocrobenzene 94 55-1131% Recovery
1,2-Dichlorocethane-d4 85 70-121|l% Recovery

Notes
ND - Not detected.

gamples in Batch 9307645-01

Cyntiia Schreiner, QC Officer



'2D| .
SOTIL SEMIVOLATILE SURROGATE RECOVERY

T-bh Name: SPLHOUSTON Contract:

.3 Code: SPL case No.: 307645 SAS No.: SDG No.: 307645

Level: (low/med) LOW

EPA S1 52 S3 S4 .55 56 57 S8 TOT
SAMPLE NO. | (NB2)# (FBP)#| (TPH) # (PHL) #| (2FP) # (TBP) #| (2CP) #| (DCB) #|OUT
01| MW-2-S_4_ 75 77 102 82 100 78 S0 81 0
02| SBLKO3 86 79 85 83 94 gs 84 82 0
QC LIMITS
S1 (NBZ) = Nitrobenzene-d5 ( 23-120)
S2 (FBP) = 2-Fluorobiphenyl ( 30-115)
S3 (TPH) = Terphenyl-di4 ( 18-137)
sS4 (PHL) = Phenol-d5 { 24-113)
85 (2Fp) = 2-Fluorophenol ( 25-121)
sS6 (TBP) = 2,4,6~Tribromophenocl ( 19-122)
§7 (2CP) = 2-Chlorophenol-d4 ( 20-130) (advisory)
s8 (DCB) = 1,2-Dichlorobenzene-d4 ( 20-130) {(advisory)

# column to be used to flag recovery values
% Values outside of contract required QC limits
D surrogate diluted out

page 1 of 1
FORM II SV=-2 3/90



‘4B EPA SAMPLE No.
SEMIVOLATILE METHOD BLANK SUMMARY

SBLKO03
» Name: SPLHOUSTON Contract:
Code: SPL Case No.: 307645 SAS No.: SDG No.: 307645
Lab File ID: E4467 ) Lab Sample ID: 930723SNB1
Instrument ID: E Date Extracted: 07/23/93
Matrix: (soil/water) SOIL Date Analyzed: 07/28/93
Level: (low/med) LOW Time Analyzed: 1859

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD:

EPA LAB LAB DATE
SAMPLE NOQ. SAMPLE ID FILE ID ANALYZED
01l |MW-2-5_4_ 9307645-01B B764501 07/28/93

COMMENTS: ,BLANK,,SBLK03,L,S,930723SNB1,8B,B,C,E,
C,E4456 ,E4455,,,,,,E

page 1 of 1
FORM IV SV 3/90



S8PL Blank QC Report

page

07/31/93 19:«
07/28/93 18::
LH

Matrix: Soil Reportad on:
Sample ID: 930723SNBl Analyzed on:
Batch: EX$30723000001 Analyst:
Detection
Compounadad Rasult Limit Units
Pyridine ND 330 kg /Xg
FPhenol ND 330 kg /Kg
Aniline ND 330 kg /Kg
bis(2-Chlorcethyl)Ether ND 330 rg/Kg
2-Chlorophenol ND 330 kg/Kg
1,3-Dichlorobenzene ND 330 ug/Kg
1,4-Dichlorcbenzene ND 330 kg /Kg
Benzyl Alcochol ND 330 kg /Kg
1,2-Dichlorobenzene ND 330 kg/Xg
2-Methylphenol ND 330 kg /Kg
bis(2-Chloroisopropyl) Ethe ND 330 Lg/Kg
4-Methylphenol ND 330 Lrg/Xg
N-Nitroso-Di-n-Propylamine ND 330 Lg/Kg
. Hexachlorcethane ND 330 Lg/Kg
Nitrobenzene ND 330 kg /Kg
Isophorone ND 330 kg /Kg
2-Nitrophenol ND 330 kg/¥g
2,4-Dimethylphenol ND 330 Lg/Kg
Benzoic Acid ND 1600 Lg/¥g
bis(2-Chloroethoxy)Methane ND 330 Lg/Kg
2,4-Dichlorophenol ND 330 Lg/Kg
1,2,4-Trichlorobenzene ND 330 Lg/Xg
Naphthalene ND 330 rg/Kg
4-Chlorocaniline ND 330 Lg/Kg
Hexachlorobutadiene ND 330 Lg/¥Xg
4-Chleoro-3-Methylphenol ND 330 Lg/Kg
2-Methylnaphthalene ND 330 Lg/¥Xg
Hexachlorocyclopentadiene ND 330 rg/Xg
2,4,6-Trichlorophenol ND 330 L2g/Kg
2,4,5-Trichlorophenol ND 800 rLg/¥g
2—-Chlorcnaphthalene ND 330 rg/Xg
2-Nitroaniline ND 800 ug/Kg
Dimethyl Phthalate ND 330 ©g/Xg
|Acenaphthylene ND 330 Lg/¥g
Notes

ND - Not detected.

0 (5 iy

Ccynthlia Schrelner, QC QOfficer




7. '

. BPL Blank QC Report page
Matrix: Soil Reported on: 07/31/93 19:¢
Sample ID: 930723SNBl Analyzed on: 07/28/93 18::
Batch: EX930723000001 Analyst: LH

r
Detection
Compound Result Limit Units
3-Nitroaniline ND 800 1y /Ky
Acenaphthene ND 330 rg/Kg
2,4-Dinitrophenol ND 800 ug/Kg
4-Nitrophenol ND 800 Hg/Kg
Dibenzofuran NDJ - 330 Lg/Kg
2,4~Dinitrotoluene ND 330 pg/Kg
2,6~Dinitrotoluene ND 330 Mg/Kg
Diethylphthalate ND 330 ug/Xg
4-Chlorophenylphenyl ether ND 330 ug/Kg
Fluocrene ND a30 Lg/Kg
4-Nitroaniline ND|| - 800 Lg/Kg
4,6-Dinitro-2-Methylphenol ND 800 Bg/Xg
N-Nitrosodiphenylamine (1) ND 330 Hg/Kg
. 1,2-Diphenylhydrazine ND 330 Lg/¥Xg
4-Bromophenylphenyl ether ND 330 Lg/Xg
Hexachlorobenzene ND 330 Ky /Kg
Pentachlorophenol ND BOO ug/Xg
rhenanthrene ND 330 Lg/Xg
Anthracene ND 330 Lg/Kg
Carbazole ND 330 LG /Kg
Di-n-Butylphthalate ND 330 ug/Xg
Fluoranthene _ ND 330 ug/Kg
Dyrene ND 330 ug/¥g
Butylbenzylphthalate ND 330 ug/Kg
3,3'-Dichlorchenzidine ND 330 Lg/¥g
13enzo(a)anthracene ND 330 Eg/Xg
jChrysene ND 330 Lg/Xg
ibis(2-Ethylhexyl)Phthalate ND 330 Lg/Xg
Di~n~Octyl Phthalate ND 330 kg /Xg
Benzo(b) fluoranthene ND 330 Lrg/Xg
Benzo (k) fluoranthene ND 330 rg/Kg
Benzo(a)pyrene ND 330 rg/Xg
Indeno(l,2,3~cd)pyrene ND| . 330 kg/Xg
[Dibenz(a,h)anthracene ND 330 rg/Xg

Notes
ND - Not detected.

¢ oS s

cynthta Schreiner, QC Officer




SPL Blank QC Report rage

Matrix: Soil ' Reported on: 07/31/93 19:¢
Sample ID: 930723SNB1 Analyzed on: 07/28/93 18::
Batch: EX930723000001 Analyst: 1H
Detection
Compoundea Result Limit Units
Benzo(g,h,i)perylene ND 330 B9 /Kg
Surrogate Result|| Criteria Units
Nitrcbenzene-d4ds 86 23-120(% Recovery
2-Fluorcbiphenyl 79 30-115||% Recovery
Terphenyl-dl4 85 18-127[% Recovery
Phenol-ds 83 24-113||% Recovery
2-Fluorophenol 94 25-121|l% Recovery
. 2,4,6-Tribromophenol 88 19-122{% Recovery

Samples in Batch 9307645-~01
Notes
ND - Not detected.

¢ (LGNS broinne,

Cynt{{ia Schrelner, QC Officer




Ml H&aso Interchange Drive, Houston, Texas 77034  713/660-0901

Wet Chemistry QA/QC Validation Report
Test Code_M0ISEP Zggg::‘n/ Date ]ZZZZZQ Analyst K€1)
Method_D 221k ~80 (GrA r.-memlc>'rm¢ [0:30am Matrix SoiL
Of Samples in Set__ 4 Detection Limit__ |
. I .
Qa.mule #'s in Set l 30HUoBL =4, Units_%, [DEIG-HT
2074515 l
307524 - 84, 94
Actual Theoretical Upper Lower
Standards {EM, %T, ABS. | Concentration | Concentration |% Recovery Limit Limit
Blank
#1
#2 - -
#3
#4
Check Std.
7 Upper Lower
Duplicate #1 #2 RPD (%) Limit Limit Dilution
30750 -4C 14 4 0 04| 22.4 -
71534-84 32 32 O 30.4 z2. 4
|
| |
l | | l
_ Concentration | Amount | Concentration| After- Upper |. Lower
Spike Sample | BeforeSpike | Added | AfterSpike | Before | % Recovery]  Limit Limit
AA
| |
l l
Spike Recovery Calculation Relative Percent Difference Calculation
% Recovery = (Actual - Original) X 100 RPD = (#1-#2) X 100
Amount Added (#w M’ _
‘cwcd By \mL—\___T,J Approved Byr < /

Date 7/?/3!45 Dute. 7/ ?%/73



SPL QUALITY CONTROL REPORT

ICP ANALYSIS
DATE: 7/23/92  TIME: s0:¥) pam. ANALYST: A . MATRIX: _ Son.
INSTRUMENT:  73# /¢ FLE# A272@  METHOD: /&7 UNITS: gy 2.
SAMPLE ID 722% 1oA ~j24 73v7 Je - 5¢ 7¢vs  ld 7763 [q
NUMBERS: 7766 5A ' '
QCSAMPLE ID: ). 7647 2).
ELEMENT{ METHOD| LCS ORIGINAL | DUPLICATE! . RPD SPIKE MS MSD RPD
rFe Y27 BLANK | % REC. CONC, CONC. %o ADDED| %REC. | %REBC. (- %
AL 73. & 22 | j6-35 e ¥ |o-2 73.7 | 9e.2 &
g7 & 0.07 s 0.0325 /o o.2¢ | 78-¢ 9.9 Z
o g5 5 1 0.1334 O 1128 7 O0- 5o 1 T.i ?2.9 y
[ 92.9 e i A Joes |75y i7¢.% | Y
eA 9.7 O- 3929 0-331% A 2.0 F7.9 jlo1. 1 3
. $7.9 g P A o.50 | 95.2 | 97. ¢ 3
79 €33 NP ~p _ C.o /2. L | toa.2 -
29-7 P 7.3 01303 o125 9.%0 | Joz.Y¥ | T7.1 3
_% 12¥.5 4 pp P gol.e [121.3 | 95.¢ 4
97.4 NP NP 0.05 (1oC.2 (IO%. 4] 2
Cr v st .3 F 0.053¢ 0.030% Y 0-20 | qt—5a $5. % 3
F37/z¢ : 1 8%.°
Al P74 éz.-3 L
Cor %3.7 i
Z g6.% b _
| | 95 0 i a -
| 8a | 90.7 1 i ‘
Y| [ 3.3 1 . l a
L A | 976 | i 'u |
I 4o .o | ' T i
'S5 a | V1 93-7 | [ ! |
PR N . - . —
FLAGS: ﬂrulgg—nst—-i;dﬂ', Attt % SQ.E‘L&%‘:‘R\\W '59\_'\3.1_
SUPERVISOR APPROVAL: PATE N
DATE: RARGAC Y




SPL QUALITY CONTROL REPORT

ATOMIC ABSORPTION ANALYSIS
. DATE: 5 TIME. ANEYST %ﬂ\m \
INSTR : 5‘ %
ELEMENT: PLS
SAMPLE ID O Tt 02707) —~|c-2sg
NUMBERS: _Q?7éae~5&§;fj TO7F0 [~ 1D, 2hN-FN,

SAMPLE I} METHOD| LCS ORIGINAL | DUPLICATE] RPD SPIKE MS MSD RPD
BLANK | % REC. CONC. CONC. % ADDED| % REC.! %REC.I %
| i 1 37 ‘Z
IFEOL-Tp UHEL L (50| 15 o | Mhoufo 087 /565 |
! : , R N
! — : : : : :
i | | It | 1 I i 1
' | i J | i ! ] i
| B 1 5 i ] i
. | i [ l ] ! l g ]
i | I | ! i
b | | | ! | 1 | i i
; | 1 il I I l i 1
! I i | I i | [ {
I i I ] I i | | i
r ' | ] T iy : [ 7
| : i i i i _t i 1
3 ? l ] | ' ] l. '! i
| i | | i | o
!L | ! ) | zi: | | |
| i i i [ i i | i i
l I § i l ! i | i I
@ | - ~ ' -F . ! r
AR NN NS U IS S N N N
I 5 d ] i 4§ I
: ) ; 3 i t i i
i l | [ i 1 Kl i
{ I ; A R
! ! ! ' ! | ] |

. SUPERVISOR APPROVAL: m%&m_\g\b___
DATE: 1Ay




Y 7 44 '

0 Interchange Drive, Houston, Texas 77054 7 13/66Q-0901

Wet Chemistry QA/QC Validation Report

Test Code_ CRHEX Date_7-29-93 Analyst_KELD
.Method HACH Tme_ 9 30am Matrix LtauipD
# Of Samples in Set__} Detection Limit___ 0. B/
Sample #'s in Set Units ™9/
_ Q307645 -1D
Actual Theoretical Upper Lower

Standards |EM, %T,@ Concentration | Concentration | % Recovery Limit Limit
Blank 0. oTD ND ND NA NA MA
#loos™sp 0.292 | _0.049 0. 050 98.0 | TInsuseicent DATA |
#2
#3
#4
Check Std. | 0. 760 XE 4o 0.085__ 0.10 45.0 | Twsuppicedr DaTA

Upper Lower

Duplicate #1 #2 RPD (%) Limit Limit Dilution

3051 KA _PA o, w Dara

Concentration | Amount | Concentration| After- Upper Lower
Spike Sample | Before Spike | Added | After Spike Before | % Recovery|  Limit Limit
30745-1D|_ND (%) 010 | 0.09 | 0-09k B 96.0|.Z nsurFicenT DA

l I

Spike Recovery Calculation Relative Percent Difference Calculation
% Recovery = (Actual - Original) X 100 RPD = (#1-#2) X100
Amount Added (#1 + #2X05)

.RcViewedBy \j}t\———?ﬁ Appmedayj{@u)j //M

Date 'J{u(ﬁ‘: Date 7/24123




SPL QUALITY - CONTROL REFORT
ATOMIC ABSORPTION ANALYSE

DATE: 1[47@ TIME: 4.2/ ANALYST: Gy MATRIX: il
. INSTRUMENT: A3830) FIE# (7274 METHOD:"gy44 = UNITS: z(i/é

ELEMENT: }éq

SAMPLE ID VAL ; T7-16, 00 [ 7735=/A=17F

NUMBERS:

rSAMPLElD| METHOD| LCS | ORIGINAL |[DUPLICATE! RFD | SPIKE

MS I MSDI RPD
| { BLANK | %REC.[ COONC. CONC. % | ADDED} %REC. | %REC %,

h T ; I N
7735441 ND _//p.ﬁi_ ND Nb L N/B Iga’?.()() /.5 !//LJE o

i
}
B
|
|
!

o

i
:
|
|
|
!
{
|
1

|
I
| ' [
|
|
i
i
_i

I
!

i

!

]

I

|

|

|

|

i |
i

I

|

I

|

!

1

I

i

| i
!

1

|

a

|

I

' I

| |
il l t

i i

|

|

- ———— ——— —]

FLAGS:

SUPERVISOR APPROVAL: QAT e

. DATE: - \a\as



t

SPL QUALITY CONTROL REPORT
ATOMIC ABSORPTION ANALYSIS

® omzbofemeonay  mwem FCum 2 -
ELEMENT: 5@ :

SAMPLE D QoL - D, O//707-1c-Dec:
NUMBERS: 0NN be~ Shy T O7%Ko {~ (b INZKNH,

SAMPLE[Dj METHOD| LCS | ORIGINAL { DUPLICATE ~ RPD SPIKE | MS MSD ! RPD
{ BLANK | % REC, CONC. CONC. % ADDED | % REC.| REC.| " %
] 4
- l i I \Jé !
270l I BRG -O% Ml M| R 20.0%0.0 ?s{-o,z l
] b ! ' - “t - - , £
| I
1 i i l | i i
i | a 1 i 1 ;
L J I 1 1 ! i
¢ ' ] -
[ i l i
g : l n I i | i
! 1 ! 1 i ! I
[ i [ | i ! i
i 1 \ i _ | l | !
[ : ' 1 0 ] ] i ] 1
l t | d I i - ! |
| : ! ] | i i ! j
: =. | i | i i - |
s I u i N |
| | 5 ! ! | i | 1
| ; i | 1 | ! [
: ! 1 | | i | ; i
: : i 3 ! - |
| lr ‘ " ' ] ! o ! ! ;
: '- | i | ! 1 i | i
3 | i i ; t ] i i i
: 1 [ l i | i | [ :
{ 1 1 I} ] T n_l 1 i
| ' = '
I | Pt
FLAGS: ]

. SUPERVISOR APPROVAL: Mm_

DATE: DAEARE
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DA R

SPL HOUSTON ENVIRONMENTAL LABORATORY

SAMPLE LOGIN CHECELIST

DATE: Zz’gzég TIME: 0900 CLIENT NO.

LOT NO. CONTRACT NO.

CLIENT SAMPLE NOS.

SPL SAMPLE NOS.:

YES NO
1. Is a Chain-of-Custody form pregent? L////

2. Is the COC properly completed? i/’/,/’

If no, describe what is incomplete:

1f no, has the client been contacted about it?
{Attach subsequent documentation from client about the situation)

3. Is airbill/packing list/bill of lading with shipment?

If yes, ID#: LB
4. Iz a USEPA Traffic Report present? e
S. Is a USEPA SAS Packing List present? e
6. Are custody seals present on the package? i
If yes, were they intact upon receipt? b////

7. Are all samples tagged or labeled?
Do the sample tags/labels match the COC?
If no, has the client been contacted about it?
{(Attach subsequent documentation from client about the situation)

-

8. Do all shipping documents agree?
If no, describe what is in nonconformity:

9. Condition/temperature of shipping container: f#?ztf‘éﬁf;
18. Condition/temperature of sample bottles:__ __—— po 0~ ¥L
11. Sample Disposal?: SPL disposal Return to client_ —

NOTES (reference item number if applicable}:

Z
. ATTEST: /// % DATE: :2/7”-)/7/?

DELIVERED FOK RESOLUTION: REC'D DATE:
RESOLVED: DATE:




QUALITY CONTROL DOCUMENTATION



WATER VOLATILE SYSTEM MONITORING COMPOUND RECOVERY

Lab Name: SPLHOUSTON Contract:
3 Code: SPL Case No.: 307752 SAS No.: SDG No.:
EPA SMC1 SMC2 SMC3 |OTHER |TOT
SAMPLE NO. |(TOL)#| (BFB)#| (DCE)# ouT
01 |MW1-W1 101 103 106 0 0
02| MW2-W1 104 97 102 0 0
03| P1-W1 103 g6 104 8] 0
04| P2-W1l 100 100 106 0 o]
05 | P3-W1l 107 a9 104 0 0
06 | TRIP_BLANK 104 95 108 0 0
07 VBLKQO1 101 98 105 0 0
08 VBLKO1 102 98 98 0] 0
QC LIMITS
SMC1 (TOL) = Toluene-ds ( 88-110)
SMC2 (BFB) = Bromofluorobenzene ( 86-115)

"l!ge lof 1l

SMC3 (DCE)

- 2A

1,2-Dichloroethane-d4( 76-114)

# Column to be used to flag recovery values

* Values outside of contract required QC limits

D System Monitoring Compound diluted out

FORM II VOA-1

307752

3/90



3A
WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Lab Name: SPLHOQUSTON Contract:

ab Code: SPL Case No.: 307606 SAS No.: SDG No.: 307752

.atrix Spike - EPA Sample No.: SB-3

SPIKE SAMPLE MS MS QC
ADDED CONCENTRATION | CONCENTRATION % LIMITS

COMPOUND (ug/L) (ug/L) (ug/L) REC #| REC.
1,1-Dichloroethene 50.00 0 57.00 114 61-145
Trichloroethene 50.00 0 47.70 95 71-120
Benzene 50.00 0 52.20 104 76-127
Toluene 50.00 0 53.70 107 76-125
Chlorobenzene 50.00 0 52.20 104 76-130

SPIKE MSD MSD

ADDED CONCENTRATION % % QC LIMITS

’ COMPOUND (ug/L) (ug/L) - REC #| RPD # RPD REC.
1,1~Dichloroethene 50.00 58.00 116 2 14 61-145
Trichloroethene 50.00 48.00 96 1 14 71-120
Benzene 50.00 53.30 107 3 11 76-127
Toluene 50.00 55.00 110 3 13 76-1253
Chlorobenzene 50.00 52.00 104 0 13 75-=13¢C

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits
RPD: 0 out of 5 outside limits

Spike Recovery: 0 out of _10 outside limits

COMMENTS: BTEXVW,307606,,SB-3,L,W,9307606-01A,V,E,5.0 MLS,
PACK,0725VL2B2,07258?52,0725VLBB3,,,,45/3-220@8,INST B,

FORM III VOA-1 3/90



4A EPA SAMPLE No.
VOLATILE METHOD BLANK SUMMARY

VBLKO1
Lab Name: SPLHOUSTON Contract:

b Code: SEL Case No.: 307752 SAS No.: SDG No.: 307752
Lab File ID: 0726VI,BB1 Lab Sample ID: VILBLKQ10726B
Date Analyzed: 07/26/93 Time Analyzed: 1202
GC Column: PACK ID: 2.00 (mm) Heated Purge: (Y/N)}) N__
Instrument ID: Bl

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD:

EPA LAB LAB TIME
SAMPLE NO. SAMPLE ID FILE 1D ANALYZED
01 MW1-W1 9307752-03A V775203 2314
02| P1-W1 9307752-01A V775201 2155
03| P2-Wl 9307752-02A V775202 2235
04 [TRIP_BLANK 9307752-06A - V775206 2116

COMMENTS: SPLINC,BLANK,,VBLKOl,L,W,VLBLKO10726B,V,B,
PACK,0726VI,2B1,0726BFB1,0726VLBB1,,,,45/3-220@8,INST B,

.ge l of 1

FORM IV VOA 3/90



77 4

S8PL Blank QC Report page
Matrix: Agueous Reported on: 07/29/93 13::3
Sample ID: VLBLKC1l0726 Analyzed on: 07/26/93 12:C
Batch: VOB930726115000 Analyst: JC '
Volatile Organics
Detection
Compound Result| -~ Limit Units
Chloromethane ND 10 kg /L
Bromomethane ND 10 Kg/L
Vinyl Chloride ND 10 Kg/L
Chloroethane ND 10 ug/L
Methylene Chloride ’ ND 5 ug/L
Acetone 12 10 Lg/L
Carbon Disulfide ND 5 ug/L
Trichlorofluoromethane ND 5 ug/L
1,1-Dichloroethene ND 5 Lg/L
1,1-Dichloroethane ND 5 ug/L
total-1,2-Dichlorocethene ND S ug/L
Chloroform ND 5 ug/L
, 1,2-Dichloroethane ND 5 rg/L
2-Butanone ND 20 rg/L
. 1,1,1-Trichloroethane ND S rg/L
Carbon Tetrachloride ND 5 ug/L
Vinyl Acetate ND 10 Lg/L
Bromodichloromethane ND S Lg/L
1,2-Dichloropropane ND 5 rg/L
Trichloroethene ND 5 pg/L
Dibromochloromethane ND 5 Lg/L
1,1,2-Trichloroethane ND 5 pg/L
Benzene ND 5 pg/L
cis-1,3-Dichloropropene ND 5 rg/L
trans-1,3-Dichloropropene ND 5 kg/L
2-Chleoroethylvinylether ND 10 Lg/L
3romcform ND 55 Lg/L
4-Methyl-2-Pentanone ~ND 10 pg/L
2~-Hexanone ND-: 10 Lg/L
Tetrachloroethene ND 5 gg/L
11,1,2,2-Tetrachlorcethane ND 5 pg/L
Toluene ND 5 rg/L
Chlorobenzene ND 5 eg/L
Ethylbenzene NDI 5 kg/L
Notes

ND - Not detected.

\( 7 / |
. K\J Lizzfﬂt-’g LU L

Cynthya Schreiner, QC Officer




SPL Blank QC Report page

Matrix: Aqueous Reported on: 07/29/93 13::

Sample ID: VLBLKO010726 Analyzed on: 07/26/93 12:¢(
Batch: VOB930726115000 Analyst: JC
Volatile Organics

Detection
Compound Result Limit Units
Styrene ND 5 rg/L
Xylene (total) ND 5 pg/L

QC

Ssurrogate Result|| Criteria Units
Toluene-ds 101 88-110||% Recovery
4-Bromofluorobenzene 93 86-115)1% Recovery
1,2-Dichloroethane-d4 105 76-114|% Recovery

Samples in Batch 9307752-01 9307752-02 9307752-03 9307752~06
Notes
. ND - Not detected.

. &@:\g L gls

Cyntlfia Schreiner, QC Officer




. 4A EPA SAMPLE No.
VOLATILE METHOD BLANK SUMMARY

VBLKO1
“ab Name: SPLHOUSTON Contract:

.b Code: SPL Case No.: 307752 SAS No.: SDG No.: 307752
Lab File ID: Q727VLEBB1 Lab Sample ID: VLBLXKQ10Q727B
Date Analyzed: 07/27/93 Time Analyzed: 1106
GC Column: PACK ID: {mm) Heated Purge: (Y¥/N) N__
Instrument ID: Bl

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD:

EPA - LAB TAB TIME
SAMPLE NO. SAMPLE ID FILE ID ANALYZED
01|MW2-W1 9307752-04A V775204 1346
02|P3-W1 9307752-05A V775205 1425

COMMENTS: SPLINC,BLANK,,VBLKOl1l,L,W,VLBLK010727B,V,B,
PACK,0727VL2B1,0727BFB1,0727VLBB1,,,,45/3-22088,INST B,

,age 1l of1

FORM IV VOA 3/90



Y,

SPL Blank QC Report page

Matrix: Aqueous Reported on: 07/29/93 13::
Sample ID: VLBLK010727 Analyzed on: 07/27/93 11i:
Batch: VOB930727101400 Analyst: JC
Volatile Organics
Detection

Compound Result Limit Units

Styrene ND 5 vg/L

Xylene {(total) ND 5 Ly /L

QcC _

Surrogate Result| Criteria Units

Taoluene-ds 102 88-110}j% Recovery

4-Bromofluorobenzene 98 86-115]|% Recovery

1,2-Dichloroethane-d4 98 76-114||% Recovery

Samples in Bate¢h 9307752-04 9307752-05
Notes
. ND - Not detected.

® 4}”@? %.'Lw-zté-/

Cyn¥Zhia Schreiner, QC Officer




WATER SEMIVOLATILE SURROGATE RECOVERY

2C

Lab Name: SPLHOUSTON Contract:
b Code: SPEL Case No.: 307752 SAS No.: SDG No.: 307752
EPA S1 52 S3 sS4 S5 S6 s7 58 TOT
SAMPLE NO. (NBZ) #| (FBP) #| (TPH) # (PHL) #; (2FP) # (TBP)#| (2CP) #| (DCB) #|0UT
01| MW1-W1 73 74 93 74 79 93 78 66 8]
02 | MWZ2-W1 77 79 110 72 79 89 78 64 0
03|P1-W1 67 g1 105 72 83 90 81 69 0
04 |P2-W1 69 83 85 74 87 88 80 67 0
05| P3-Wl 73 74 87 69 70 91 73 66 0
06| SBLKO1 103 87 96 83 92 89 92 73 0
QC LIMITS
S1 (NBZ) = Nitrobenzene-dS5 ( 35-114)
S2 (FBP) = 2-Fluorobiphenyl { 43-116)
$3 (TPH) = Terphenyl-dl4 ( 33-141)
S4 (PHL) = Phenol-ds ( 10-110)
S5 (2FP) = 2-Fluorophenol ( 21-110)
S6 (TBP) = 2,4,6-Tribromophenol { 10-123)
S7 (2CP) = 2-Chlorophencl-d4 ( 33-110) (advisory)
S8 (DCB) = 1,2-Dichlorobenzene-d4 ( 16-110) (advisory)
# Column to be used to flag recovery values
* Values outside of contract required QC limits
. D surrogate diluted out
‘l!ge 1 of 1l '
FORM II SV-1 3/90



iCc.
WATER SEMIVOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Lab Name: SPLHOUSTON Contract:
1b Code: Case No.: BLANK SAS No.: SDG Neo.: 307752
.atrix Spike - EPA Sample No.: SBLKOl
SPIKE SAMPLE MS MS QcC i
ADDED CONCENTRATION | CONCENTRATION % LIMITS:
COMPOUND (ug/L) (ug/L) (ug/L) REC #| REC. !
Phenol 75.00 o 49.40 66 |[12-110;
2-Chlorophenol 75.00 0 51.20 68 27—123!
1,4-Dichlorobenzene 50.00 0 27.20 54 36=- 97|
N-Nitroso-di-n-prop. (1) 50.00 0 32.20 64 |[41-116'
1,2,4-Trichlorobenzene_ 50.00 0 29.20 58 |39- 92:
4~ Chloro 3—methylphenol 75.00 0 53.60 71 23- 97!
Acenaphthene 50.00 0 34.60 69 |46-113'
4-Nitrophenol 75.00 0 42.80 57 10- 80
2,4-Dinitrotoluene 50.00 0 31.60 63 |24~ 96"
Pentachlorophenol 75.00 0 54.80 73 9-103
Pyrene 50.00 0 26.80 54 26=-127
SPIKE MSD MSD
ADDED CONCENTRATION % % QC LIMITS
COMPOUND (ug/L) (ug/L) REC #| RPD #| RPD | REC.
Phenol 75.00 47.00 63 5 42 12-110
2-Chlorophenol 75.00 48.40 65 5 40 27-123
1,4-Dichlorobenzene 50.00 26.00 52 4 28 36— 97
N-Nitroso-di-n-prop. (1) 50.00 30.60 61 5 38 |41~116€
1,2,4-Trichlorobenzene_ 50.00 28.80 58 0 28 35— 98
4-Chloro-3-methylphenol 75.00 52.00 69 3 42 23- 97
Acenaphthene 50.00 32.60 €5 6 31 46-118
4-Nitrophenol 75.00 41.60 55 4 50 10—~ 80
2,4-Dinitrotoluene 50.00 31.00 62 2 38 24- 96
Pentachlorophenol 75.00 51.60 69 ) 50 5-103
Pyrene 5¢.00 25.60 51 6 31 26-127

(1)

N-Nitroso-di-n-propylazine

# Column to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits

RED: 0 out of _11 outside limits
Spike Recovery: 0 out of _22 outside limits
COMMINTS: ,BLANK,,SBLKOl,L,W,930726CXBl,B,B,C,E,

C,E4499,E445%8,,,,,,E

FORM III SV-1 3/%90



4B . EPA SAMPLE NoO.
SEMIVOLATILE METHOD BLANK SUMMARY
SBLKO1
Takh Name: SPLHOUSTON Contract:

b Code: SPL Case No.: 307752 SAS No.: SDG No.: 307752
Lab File 1ID: E4500 Lab Sample ID: 930726CXB1l
Instrument ID: E Date Extracted: 07/26/93
Matrix: (soll/water) WATER Date Analyzed: 07/30/93
Level: (low/med) LOW Time Analyzed: 1459

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD:
EPA LAB LAB DATE

SAMPLE NO. SAMPLE ID FILE 1ID ANALYZED
01 MW1-W1 9307752-03B BE775203 08/05/93
02| MW2-W1 9307752-04B B775204 08/05/93
03| P1l-Wl 9307752-01B B775201 08/04/93
04 P2-W1 9307752-02B B775202 08/04/93
05| P3-Wl 9307752-05B B775205 08/05/93

COMMENTS:

C,E4499,E4498,,,,,,E

‘l'%e i1c0f 1

FORM IV SV

,BLANK,,SBLKOl,L,W,930726CXBl,B,B,C,E,

3/90



8PL Blank QC Report

Matrix: Aqueous
Sample ID: 930726CXB1l

Reported on:
Analyzed on:

page

08/06/93 16:.
07/30/93 14:
LH

Batch: EX930726080000 Analyst:
Detection
Compound Result Limit Units
Pyridine ND 5 ug/L
Phenol ND 5 rg/L
Aniline ND 5 Lg/L
bis (2~ Chloroethyl)Ether ND 5 Lg/L
2-Chlorophenol ND 5 ug/L
1,3-Dichlorobhenzene ND 5 Lg/L
1,4-Dichlorobenzene ND 5 ug/L
Benzyl Alcohel ND 5 Lg/L
1,2-Dichlorobenzene ND 5 rg/L
2-Methylphenol ND 5 rg/L
bis(2-Chloroisopropyl)Ethe ND 5 vg/L
4-Methylphenol ND ) Lg/L
N-Nitroso-Di-n-Propylamine ND 5 kg/L
HEexachloroethane ND 5 Lg/L
Nitrobenzene ND 5 Lg/L
Isophorone ND 5 ng/L
2-Nitrophenol ND 5 Lg/L
2,4-Dimethylphenol ND 5 Lg/L
Benzoic Acid ND 25 Lg/L
bis(2-Chloroethoxy)Methane ND S ug/L
2,4-Dichlorophenol ND S Lg/L
1,2,4-Trichlorabenzene ND 5 ug/L
Naphthalene ND 5 vg/L
4-Chlorocaniline ND 5 rg/L
Hexachlorobutadiene ND 5 ug/L
4-Chloro-3-Methylphenol ND 5 Lg/L
2-Methylnaphthalene ND 5 Lg/L
|Hexachlorocyclopentadiene ND; =1 rg/L:
!2,4,6-Trichlorophencl ND! 5| Lg/L
|2,4,5—Trichlorophenol ND| 10: Lg/L
iz—Chloronaphthalene / 5 pg/L
#2-Nitroaniline ND 25 £g/L
‘Dimethyl Phthalate ND 5 ug/L
|Acenaphthylene ND| 5 Lg/L
Notes

ND - Not detected.

1L

[

(S

cynthia Schreilner,

ffice

er




Matrix: Agqueous
Sanmple ID: 930726CXB1
Batch: EX930726080000

SPL Blank QC Report

page

Reported on: 08/06/93 1s5:.
Analyzed on: 07/30/93 14::

Analyst: LH

Notes
ND - Not detected.

Detection
Compound Result Limit Units
3-Nitroaniline ND 25 Lg/L
Acenaphthene ND 5 Lg/L
2,4-Dinitrophenol ND 25 Lg/L
4-Nitrophenol ND 25 Lg/L
Dibenzofuran ND 5 Lg/L
2,4-Dinitrotoluene ND 5 Lg/L
2,6-Dinitrotoluene ND 5 rg/L
Diethylphthalate ND 5 Lg/L
4-Chlorophenylphenyl ether ND 5 Lg/L
Fluorene ND 5 bg/L
4-Nitroaniline ND 25 Lkg/L
4,6-Dinitro-2~-Methylphenol ND 25 Hg/L
N-Nitrosodiphenylamine (1) ND 5 rg/L
1,2-Diphenylhydrazine ND 5 ug/L
4-Bromophenylphenyl ether ND 5 Bg/L
Hexachlorobenzene ND 5 Hg/L
Pentachlorophenol ND 25 LEg/L
Phenanthrene ND 5 Lg/L
Anthracene ND 5 Kg/L
Carbazole ND 5 Lg/L
Di-n-Butylphthalate ND 5 K#g/L
Fluoranthene ND 5 £g/L
Pyrene ND 5 tg/L
Butylbenzylphthalate ND 5 Kkg/L
3,3'~-Dichlorobenzidine ND 5 Lg/L
Benzo{a)anthracene ND 5 Lg/L
Chrysene ND 5 Lg/L
bis{2-Ethylhexyl)Phthalate ND 5 pg/L
Di-n-Octyl Phthalate ND 5 rg/L
Benzo(b) fluoranthene ND 5 Lg/L
Benzo(k) fluoranthene ND 5 vg/L
Benzo(a)pyrene ND 5 Eg/L
Irdano(l,2,3-cd)pyrene ND 5 pg/L
Dikerz(a,h)anthracene ND;j 5 ©g/L|

é,ﬁ// id' D L1 k)

Ccynthia Schreiner,

QC Officer



8PL Blank QC Report page
Matrix: Agueous Reported on: 08/06/93 16:!¢
Sample ID: 930726CXBl Analyzed on: 07/30/93 14::
Batch: EX930726080000 Analyst: LH
Detection
Compounid Result Limit Units
Benzo{g,h,i)perylene ND 5 ug/L
QC
Surrogate Result| cCriteria Units
Nitrobenzene-d5 103 35-114} % Recovery
2-Fluorobiphenyl 87 43-116l% Recovery
Terphenyl-dl4 96 33-141|% Recovery
Phenol-d4ds 83 10-110{|% Recovery
2-Fluorophenol 92 21-110{ % Recovery
2,4,6-Tribromophenol 89 10-123|(% Recovery

. Samples in Batech 9307752-01 9307752-02 9307752-03 5307752-04
9307752-05
Notes
ND - Not detected.

aftmjgl W L]

Cynthia Schreiner, QC Officer



SPL QUALITY CONTROL REPORT
[CP ANALYSIS

DATE: 7/32/93  TIME: “7 /54~ ANALYST: A MATREC P35i5 tuarr
INSTRUMENT: 2% 6/F FOLE# A77%2 METHOD: /¢ UNTTS:

v -
SAMPLE D Teos zc 3 7735 135 Tis: i -4 T746 fo-§i
NUMBERS:
QCSAMPLEID: 1), Zébs Zc - 2.
LEss - 2
ELEMENT| METHOD| LCS ORIGINAL { DUPLICATE| . RPD SPIKE MS MSD RPED
3.7 BLANK | % REC CONC. CONC. G ADDED | % REC. | % REC. %
7L utd 107.9 | 2 bt 2. 47193 ~fr Z-z g5, 2 | $%-9 Y
| i3 : /08 v 2.2g5y o.o4¢z o 2.0 92.5 | 9o. i
A ! 1226 ~p ~g /A o.25 2.2 )| iz !
A, : 99. 4 ~p , M o550 1 959 | %Y. 9 /
L & ! 99. > 7 : | [ 0.0c | 99 7 1 97.3 >
B I ! rer. 2 74 i }_ 5 w2 ‘37‘L: Qr. 2 4
Cd /700 .9 i g } ! P ] :ﬁg-:,u_fé:‘-)l fei. 3 2
58 79. = rp | i | 2. s 7.9 | I8¢ 2
] | /00, g P | ] | = 20 ¢ G i ¥7. 2 =
.EJ v to1-4% rp | ¥ v _loss | 92.8 | 92. 2 3
~Aa v 25 6 N z2g5.9 125y 4 / | 30.» w0 i 973 17
! il ; ! |
i | I i ! i | i
| ! | ! I ' ! I
| i ’ | i
[ E ! 1 l ‘
| ! i i. i I} ! |
i | i | r i i |
i l I l ] [ : |
} : : : : : : . :
i .i b | i l | i 1
I 1 ] i 1 I ! I !
1 1 ! | | JT f i 1
L L , | 1. | I | { !
F'yf— ijfgﬁg,,{
FLAGS:  Himmes fo 2o &2 2 jpm . " Auedebrad ok
[

SUPERYISOR APPROVAL: Weaoa \\gniaw

DATE: ~ g\ 2\4g




SPL QUALITY CONTROL REPORT
ATOMIC ABSORPTION ANALYSIS

DATE: mEOG6SY  ANALYST MATRIX: t )aZ@._G—Pﬁoc

. INSTR L0 20 Z,M#:oggz&mona UNITS: ”ﬁl[_

ELEMENT: o
SAMPLE ID 077 bl —Flc - O7725 S— 18Pz ;
NUMBERS: eTEol-ab; 077523 ="Tb-Sb . >

SAMPLE D] METHOD| 1CS | ORIGINAL DUPLICATE] RPD | SPIKE | MS
| iBLANK %REC. | CONC CONC. % || ADDED| % REC. oREC.

072%4@ é&?%gs ||| 4o 5. S[iaoqés

Nodal kﬁb%gsyf ———— o.q

1RPD§I

T t | | 'l' i . !
! l' | ! i 1 | |
t { | | i i :I: i { i
i | | | i i
| | ] | i i | Iu !
! f | | I ] i |
. 1 | I ! | I | i |
. i ! I l ! ; ! | 5
I ' i i | 1 i ! ! |
i [ 4 ] b ! ! )
i | I i | i i i !
i i i d i i ! t
; ; ] '.; . :: i E
1 { i I i | 1 i i i
| : i . - 1 l :
| i i ! ! | i i i i
| ! i y l [ i i | [
! il il I ! )
I ' i i . L
I : |'I ! ; IJ [ i
| ! + i i : i
: | .u! e | |
' '. i ', .
i 1 Y -l
| | ! [ i |
1 l‘ i : il | l

SUPERVISOR APPROVAL: WNeana T\eeiav
. DATE: - el n e ARa




SPL QUALITY CONTROL REPORT
ATOMIC ABSORPTION ANALYSIS

DATE: 2 e [ RO ANALYST: FC\MTRIX@
INSTRUMENT: ' 20202 _ M#@zgﬁ Ncﬁ'monﬁajﬁ UNITS

ELEMENT. S

SAMPLE ID 077 bl < K 077%S ~[% Hj

NUMBERS: 5770 (-on: ©77%a - 1>- Sb.

SAMPLED| METHOD| LCS | ORIGINAL DUPLICATE] RPD | SPIKE | MS MSD | RPD
' 1 BLANK | %REC. | CONC CONC. % | ADDED| %REC.| %REC o

o0k unl9s 2L M| Mb M%@o o‘fl"ﬁ 37 9> @[

i | i
T i o8] 300 ——
i ; | i i I ll
l i | i i i
| | | | i i ] i i
! I I ' :
| 1 t i | | ,
. | l | | i 1 i 1
o | T 1
| o i i i i : | | :
| B 1 i | ! i : E :
i ! i | { | i i ! |
i i | B | ! : ? * |
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SUUTHWEST LABORATORY OF OKLAHOMA, INC,

1700 W. Albany « Broken Arrow, Oklahoma 74012 » 918-251-2858 « FAX: 918-251-2599

.CLIEN

T: SPL ENVIRONMENTAL LARBORATORY REFORT: 14742EXD
8880 INTERCHANGE DRIVE
HOUSTON, TEXAS 77034 DATE: 08-02-93

ATTN: LAJUAM JULUN

SAMPLE MATRIXz WATER

SwLO # LCS 14742

DATE EXTRACTED: 07-29-93
DATE ANALYZED: 07-29-93
METHOD REFERENCE: 8SW844-8330
DILLUTION FACTOR:

SAMPLE ID: 14742 (LCS)

WATER EXPLOSIVES LAB CONTROL SPIKE RECOVERY DATA

LCS ANT. FOUND : LCS LCS ac
SPIKE ADDED SAMPLE AMT. FOUND  PERCENT LIMIT
{ug/L) {ug/L) {ug/L) RECOVERY RECOVERY
HIX 1600 0 14372 89.5 44-1351
RDX 1300 0 1314 - 101.1 72-129
THE 900 0 B&d 26.2 74-1189
TETRYL 1039 0 1213 115.3 58-120
DN 473 0 504 106.1 79-132
TNT 730 0 749 99.9 61-143
ME 230 0 844 101.6 68-1335
2EINT 1130 Q 1134 ?3.6 77-12%
24DNT 700 0 706 100.9 70-134
ZNT 1430 0 1493 103.1 73-131
ANT 1000 0 1017 101.7 73-11¢&
SNT 230 0 1047 110.2 71-127



SOUUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Broken Arrow, Qkighoma 74012 « 918-251-2858 « FAX: 918-251-2599

. CLIENT: SPL ENVIRONMENTAL LABORATORY REPORT: 14742EXc
8880 INTERCHANGE DRIVE
HOUSTON, TEXAS 77034 DATE: 08-02-93

ATTN: LAJUAN JULUN

SAMFLE MATRIX: WATER

SWLO H 14742.01 MS/MSD

DATE EXTRACTED: 07-29-93

DATE ANALYZED: 07-29-93

REFERENCE: SWB44-8330, EFA METHODOLOGY
DILUTION FACTOR: 1

SAMPLE ID: 9307732-01(MS/MSD)

EXRPLOSIVES MATRIX SPIKE/MATRIX SPIKE DUPLICATE RESULTS

MS

SPIKE ADDED - AMT. FOUND (SAMPLE) ~ AMT. FOUND (MS) PERCENT

(ug/L) (dry) SMP. (ug/L) {ug/L) RECOVERY
HITX 1600 0 1417 83.6
RDX 1300 0 1344 103.5%
1,3,9-TNK 700 0 879 97.73
TETRYL 1050 0 1094 104.1
1,3-DNB 475 0 544 114.5
2,8,4-TNT 750 0 773 103.1
NITROBENZENE 850 0 895 105.3
. 2.6 DNT 1150 0 1149 99.9
2.6 DNT 760 0 717 102.5%
2NT 1430 0 1534 105.8
INT 950 0 1070 112.6
4NT 1000 0 1041 104.1

AMOUNT MSD RELATIVE ac

FOUND (MSD) PERCENT PERCENT LIMIT

(ug/L) RECOVERY DIFFERENCE RECOVERY
HMX 1420 "83.8 .a 43-1a3
RDX 1382 104.0 5 63-139
1,3,5-TNZ Bet §7.9 .2 36-129
TETRYL 1095 104.4 .2 74-123
1,3-DN3 %43 114.3 2 76-1C4
2,6,6-TNT 772 162.5 .2 g2-t1i
NITROBENZINE 898 105.3 .0 74-137
2.6 DNT 1144 $9.7 3 72-129
2,4 DNT 714 102.9 .9 80-119
2NT 1330 105.5 .3 73-130
INT 1040 11L.6 .¢ 2-124
4NT 104¢ 103.7 a 78-117
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SPL BOUSTON ENVIRONMENTAL LABORATORY

SAMPLF LOGIN CHECELIST
. DATE : Z/aj/ﬁ‘} TIME: (9:0d CLIENT NO.
LOT NO. CONTRACT NO.

CLIENT SAMPLE NOS.

SPL SAMPLE NOS.:

4.
5.
6.

9.
18.
1l.

NOTES

G
M
n

Is a Chain-of-Custody form present?
Is the COC properly completed?
If no, describe what is incomplete:

H g

& |

If no, haa the client been contacted about it?
(Attach subsequent documentation from client about the situation)

KI
l

Is airbill/packing list/bill of lading with-shipment?
If yes, ID#: /=

Is a USEPA Traffic Report present?

Is a USEPA SAS Packing List present?

Are custody seals present on the package?
If vyes, were they intact upon receipt?

Are all samples tagged or labeled?

Do the sample tags/labels match the COC?

If no, has the client been contacted about it?
(Attach subsequent documentation from client about the situation)

WIH
B

Do all shipping documents agree?
If no, describe what is in nonconformity:

&
Condition/temperature of shipping container: LATBr-407
Condition/temperature of sample bottles: _ poost &t
Sample Disposal?: SPL disposal — Return to client_

(reference item number if applicable):

e /
. ATTEST: /// %ﬂ/ DATE: 74?5/5)

DELIVERED FOR RESOLUTION: REC'D DATE:
RESOLVED: DATE:
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APPENDIX 2-1
FENCE DIAGRAM
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APPENDIX 2-4

VERTICAL/HORIZONTAL SPREAD MODEL DESCRIPTION



Alternative Boundaries in
.Sohd Waste Management

by P. A. Domenico and V. V. Palciauskas®

ABSTRACT

Reezne trends in solid waste management scem to
favor the establishment of minimum performance critena
for waste facilities, a5 opposed to case by case detaiked
operational requirements. This implies some geaerally
acezprable upper limit of contaminacion, say s provided by
the primary ind secondary Maximum Concezarration Level

{MCL's) developed bv the Eavironmental Protection Agency.

Not 5o casily defined is the compliance point at which the
MCL’s may be 1ppiicd, which can range {rom the solid waste
boundary (3 containment option} to some alternative
boundary ouside the actual waste facility (a retardation
option). In either case, it follows that any contaminant
migration into the public domain beyond the acceprable
bouncary must enzer below the MCL. The contzinment
cpdon would appear to be stricdy a mateer of engincesing
design of the waste faciliry. With the retardagon option,
however, there is need for 2 simplified procedure for assess:
ment of the hydrogeologic environment responsible for
retardazion and attenuation of the contaminant stream.
These are largely dilution and reaction processes. In this
paper, some mezhznisms of dilution are examined, including
geomertrical spreading of 2 contaminant plume, recharge
from precipitadion, 2ad mixing with surface-water bodies.
This analysis focuses on average value calculatons thac

3Dv:;nr:rnc.--u of Geology. University of llinats at
Champaign-Uebana. Itlinois §1820.

Receved July 1981, revised October 1981, accepred
January 1982,

Discussion open until Novernber 1, 1982,

Vol 20. Na. 3-GROUND WATER-Mav-June 1982

constitute 1 semiquantitative measure of the dilution
potenrial of waste sites prior 10 intensive investigations. For
compliance and regulatory purpeses, a simpie model for
maximum concentration predictions is developed for one-
dimensional steady flow and dispersion in directions
perpendicular to the flow pach. This model is reasonabiy
operanonai with 2 minimum of datz in that iz avoids
chemical reaction and the inherent fitted parameter known
1s longitudinal dispersion, and employs the acrual measurzd
concearrazion ¢ the soiid waste boundary as 1 boundary
condition. The model thus provides a conservative estimate
of whether or not minimum performance standards wiil be
achieved az an alternazve boundary!

INTRODUCTION

The recent proliferation of environmental
protection laws seems to coincide in time with 2
corresponding proliferation of ansport models
with a predictive capability for environmental
impact. The literature demonsirates numerous
sitespecific studies, especially with regard to
radionuclide ansport and certain heavy metal
migration (Bacule, 1969: Cherry and others, 1973;
Pinder, 1973). In spite of this available technology,
there is still some doubt that the transport model
is 2 practical answer to many potendal contamina-
ton problems. There are several reasons for this,
including the cost and ume-consuming nature of
site-specific investigadons, the high level of
uncertainty in the available dara base, and the

303



questionable reliability of the models themselves,
especially in tive adsence of a contamination
histocy for calibration purposes. If the problem is
either regulatory in nature or a first-order assess-
ment of a porential hazard, there is yer another
compeiling reascn to sesxk some alternative to the
complex transport analysis. This latzer statement
reflecss the recenc trend in development of
starndards for waste disposal sites which favor the
establishmenc of minimum performance criteria
2s opposed to detailed operacional requirements
(Clazk and Sabel, 1980). Hence, the spatial and
temporal znatysis of constituents as provided by
transport modeis would appear to be excessive in
dezail if one is interested only in minimum
performance as might be expressed through some
acceptable upper limit of concentration. Maximum
concentration levels (MCL's), as proposed by the
Environmental Protection Agency provide the
standard example of an acceprabie upper limit of
contamination.

[€ reguiatory procedurss are to be based on
some minimum performance standard, such as
MCL's. one of the critical decisions is the doundary
at which compiiance must be demonsirated. Two
possibilities exist: the solid waste boundary or
some alternazive boundary at some specified
diszance from the waste boundary. In accordancs
with currently accepted procedure, monitoring at
the solid waste boundary serves the useful purpose
of providing an accurate nationwide inveatory of
“open dumping’’ and “sanitary landfilis.” [ndeed,
the reliability of such an overduc inventory

requires 2 common measuring point for all facilities,

and the waste boundary uniquely satisfies this
requirement. The purposes of inventory, however,
differ markedly from che purposes of monitoring,
which in this case is to assure that ground water

{s not transmitting contaminants to the public
domain in excess of those quantities specified by
some minimum performancs standard. The forcing
of inventory points of measurement 1o act as
monitoring poines for purposes of defining compli-
ance may result in an uarealistic assessment of the
threat of contamination. This is due largely to
focusing the monitoring activities between the
first (engineered scructure) and second (hydro-
geologic environment) lines of defense, the latzer

providing for important retardation and attenuadng

mechanisms that would go unaccounted for in the
reguiatory procedure. Hence, the solid waste
boundary is a logical compliance point only where
conzainment of the waste is 2 policy objective.
Given that congainment is not a viable alterna-

304

tive, therz is ne=d for an alternazive Scundary
approach in the regulatory compliance scheduie,
provided that the alternative compiiancs beundary
adequately protects the ground water. Such an
approach nezd not provide for 2n exact grediction
of concearation levels (which is the role of the
complex transport analysis), but should address the
quescior of whether or not minimum performance
levels are achieved. In addition, the methodology
should focus on parameters which embody the
relevant mechanisms operating in 2 hvdrogeologic
environment and for which data are reacily avaiiable.
Yet another concern is that many evaluators will
not possess scrong technical backgrounds in the
area of transport, so that compiicated mathematics
have to be avoided. This does not precluce e use
of more sophisticated techniques if the need arises,
or if the technical skills and data base are availatle.

For the alternadve boundary analysis, some
sort of ground-water modeling is required. Three
different levels of models are available fer this
purpose. The first and simplest [evel 1s provided
by predicted average values of contaminant levels,
with some form of dilution being provided by
mixing with upcontaminated water. Although the
employment of average values enormously recuces
the compurazional problems, they are of limited
use in a regulatory scheme that is designed o
monitor maximum concentration levels. Hence, as
will be discussed shortly, average value calcuiacions
arc useful mainly as 2 screening mechanism for
evaluating the dilution potential for wasze sizes
prior to intensive investigations.

The second level of sophistication is compu-
tationally no more complex than the first exceprt
that it is presented as a solution to a formal
boundary value problem. This solution answers
two critical questions that are generally raised in
an environmental assessment of waste ransport:
(1) When will the waste armive at 2 specific locatien,
i.c., the aiternative boundary? (2) How much of the
maximum concentraton level inventoried ac the
waste boundary will appear ac the point of intake?
Unfortunately, certain information is lost in this
procedure, mainly the overall temporaf and spadial
variadons that might be expected in a2 complex
flow domain. To provide 2nswers to this question
requires vez a third level of sophisucation, mainiy

_a compiex transport analysis. This type of analysis

is bevond the scope of this study and. in generai,
mayv Aot De 2 Necessary requirement in 2 regulatory
scheme that focuses on ground-water protection
requirements by way of minimum performance
standards.



INPUT PARAMETERS
[~ the squations developed in this paper, two
imporzant physical paramerers are required as input.
["1: firsz, des: g—:ucd V., is the veiocicy of the con-
caminan:. In the absence of chemical retardation,

aLl

this is simply the velociny nf the STOU’ld Warer, V-
- ~eres wiieTe the partitioning of the contaminant

can be described adequarely through a dismbution
coefficient Ky
— ‘“’w
1« (pp/n) Ky (1)

where py/n is the ratio of the dry density to the
porosity, commonly ranging between 4 and 10
g/cm’ for most geologic materials and, as mentioned
above, the dismribution coefficient governs the part-
tioning berween the liquid anc the solid marrix. In
the laboratory, this partitioning is measured with
- column experiments where prepared solutions
conzaining the coaraminant are passed through
geologic materiais sampled at the site. Sometimes
batch experiments are used, but are not as accurate.
For finegrained matcrials, distribution coefficients
range in value between zero and 10° ml/g. Some
constituenss have a Ky of zero or near zero, the
most common being chloride and tridum. Thac is,
these constituents move with the velociry of ground
water whereas most others will move slower relative
to the ground water. In the abseace ot'par:i:ioning
measuraments, an upper bound for Ve is taken as
the velocitv of ground wazer [Kq equais zero,
eguation (1}] . the lattera calculztion tha: is well
withia the staze of the art. Pertirentreferences for
the rezardation cquation as given by equation (1)
are Grisak and Jackson (1978), and Freeze and
Cherrv (1979, p. 405).

A szcond parameter required in the equations
to foliow is the transvezse dispersion cocfficient,
designated D, which is 2 measurc of the spreading
of a conzaminant plume that takes place perpendic-
ula: to the flow lines. Such dispersion arises
betwezn parallel flow elements due to diffusion
and the tortuous pathways. [t is emphasized that
this is not the commonly used “{itted” longitudinal
parameter of complex contaminant ransport
problems, referred to as the coefficient of hydro-
dynamic dispersion. At its lower limit for 2 slowly
moving fluid, Dy can be 2pproximazed by 3
diffusion coefficient for 2 porous medium, which
is commorly taken as 107* cm®/sec (Lerman, 1971,
p. 32). Under virtually no conditions do we expect
the transverse dispersion coefficient to be less than
this so that 107 em?/sec can be taken as 3 conserva-
tive lower bound (the lower D, the less the verncal

and horizontal sp'cnding of a plume and, conse-
quc*:cly, the less i< is diluted). For pe: zmeadle rock
units where ground water moves rather rapidly, this
cocfficient can be somewhart larger. In the interests
of con<ervazism for 2 worst case scznario for
minimum diicticn, 2 valus of 107 to 107 cm¥/sec
is adequate {or poorly permeable mazenals (see, for
example, Bacisle, 1969, p. 718). The absoiute worst
case is thus depicted as one having a distrbution
coefficient of zero and a transverse dispersion
coefficient in the range of a typical porous media
diffusion coefficient. It is emphasized here that in
the alternative boundary analysis, we are not
interested in predicting exact concentration levels
(assuming for the moment that such a prediction is
even possible in the absence of a contamination
hiszory for model calibration), but in determintng
whether minimum performance standards are
achiceved. Hence, the worszt ¢ase or upper bound
calculations are useful in thar they should demon-
strate whether or not an acceptadle upper limic of
concenzrazion will be achieved at the alternative
boundary.

AVERAGE VALUE APPROXIMATIONS FOR
THE EFFECTS OF MIXING
Mi‘(ing is any process. which causes one parce!

of water to be mi nzlcd wich or éiluzzd with arother.
There arz az least thre dlld ion processes that can
occur in coniaminant ansport in porous media:
(1) geomerical spreading of the contaminant
stream, assumed o be controlled by transvarse
dispersion processes; (2} continuous mixing of fresh
wazer aleng the contaminant stream due to recharge
from precipitation; and (3) discharge of the con-
taminan: stream into some surfacs-water body, such
as 2 stream. The dilution effests of these processes
will be examined ia this section.

Geometrical Spreading

A semiquantitative, conservative estimate of
mixing due to transverse dispersion can be achieved
through the following argument. Let us assume 2
aansverse dispersion coefficient D, perpendicular
to the flow lines. The contaminant flow pattern
will thus be spread from the source as shown in
Figur= 1(2). If the wansit Ume tis :pproximzrc‘v
equal to L/V,, where L is the distance from the
sourcz and V. is the contaminant velocry as deter-
mined by equation (1), then, through dispersion,
the contaminan: front will spread from width
L, to L, » 2(D+ )% Here, the diffusion length
(Dy )™ is taken 15 an appraximate measure of the
spread, 1s will be demonstrated lacer in 2 boundary
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value probiem treating this pheaemenon. If C, is
the measurad concenrration at the waste boundary
and C_ is the conczntradon of the ground warer
further downgradieat at any point L (the alternative
boundary), then

CL _ 1 _ 1
Co 1+ 2(L/L)(DT/V.LM 1+2((DTu)%/L,]

where L is the distance to the alternative boundary;
and L, is the horizontal width of the contaminant
stream at che waste boundary {Figure 1(2)].

A more realistic assessment may be obtained
by a two-dimensional front where there is transverse
dispersicn in two directions perpendicular to the
flow lines. Hence, the front will not only spread
laterally but vertically as well [Figures 1(a) and
1(b)]. If the transverse dispersion coefficient is the
same in both directions, the conservation of mass
principle implies:

Ry’

Co =[1+2(DTL)‘=] (142

CL 1 1

(D)%
21 @)

or

C 2L 1L
=2 Z {1+ = (DT/V L) {1+ — (DT/V L] (4)
CL L, L,

where the dimensions of the contamirant at the
source 1re L, (horizontal) and L; (verucal), the
latzez being obtained from inveatory wells at the
wastz boundary.

As L, will in general be much larger than L,,
the second bracke:ed quantity on the right-hand
side of equarion (4) will generaily dominate the

'74"7'7!rftfr:17‘1;:::1/::":4;:/!:‘71{/’(,
{e!

Fiq. 1. Geometrical spreading of contaminant plume in a

{a} horizontal plana, (hi vertical plane, and [¢) vertical '

plane where the contaminant occupies the tull aquifer

thicknets.

INA

spreading process. Hence, considering lateral spreac-
ing to be insignificant, we are left with

Co 2L ,
C—L-=1+E(DTN¢L)*- (5)
The intereating qUESTION vegasaing verdical

spreading is as follows: At what distance L from
the solid waste boundary will the maximum dilution
take place due to transverse spreading in 2 vernical
plane? This will obviously occur where the contam-
inant plume occupies most of the thickness of the
aquifer. Bear (1979, p. 252) estimates this distance
to be about 10 to 15 times the aquifer thickness.
In the general case of vertical spreading {Figure
1(b)}, we expect the spreading thickness to be
approximated by L, + (D7 L/V.)® where L;
corresponds to the thickness df the plume at
the waste boundary, and L is any given distance

_from the boundary. As in all previous cases, the

diffusion length (D L/V,)* is taken as an approxi-
mate measure for the spread. For the condition
that L corresponds to the distance from the waste
facilicy where the contaminant plume occuptes
mosz of the aquifer thickness L', Figure 1(c)], the
available spreading thickness equals the aguifer
thickness H so that

H=L,+ DLV (6)
This gives
L= Yo (H- L,y (7)
Dt

The distance L' can be regarded as 2 “mixing length”
wherein the contaminant plume obtains max:mum
dilution due to verdcal spreading. From the conser-
vation of mass statement

=C0L‘l
H

(8)

Cu

where Cy’ is the concentration at L.

Consider the following example. For V./D1
equals onc (meter)™, L, equals 2 meters, and an
aquifer thickness H of about 10 meters, L' is calcu-
lated to be about 64 meters, and Cy, equals 0.2 Cq.
Hence, the limit to vertcal spreading in this case
occurs about &4 meters from the waste faciliry.
Transverse spreading throughout this distance will
result in 2 lowering of the concentradon to about
20 percent of the value observed at the waste
boundary. An increase in velocity relatve to trans-
verse dispersion increases the distance L but has ao
effect on the dilution potendal as expressed by
equation (8). An increase in aquifer thickness H,



however, greatly aifects L' and the concentration
Cp, occurning thers.

[t is clear from these developments that the
variable aquifer thickness H is the most significant
parameter affecting dilution potendal. [t is noted
further that as the chickness of the plume at the
waste boundary (L,) approaches the aquifer thick-
ness (H), the distance L' approaches zero and C!
approaches Cq.

Mixing with Continuous Recharge

From Figure 2, the shaded area is assumed to
be contaminazed ground water moving with 2
velocity V. [equation (1)}, and is continuously
replenished by a recharge rate R (a volume of
water per unit area per unit time). Ler m be the
amount of mass of the pollutant in the shaded
region which has a volume V of z27n, where zis an
average plume thickness, € is a unit distance, and
n has alreadv been defined as the porosity. The
change in concentration with time is then
dC _ d(m/V) -mdV 1 dm _—m dv -C* dv

— T — . E e ———— b e ——— T ae—— — D e —

de dt Vide Vdr Vvidt m de

whers dm/dz = 0 since dispersion and kinetic
effecss are assumed to be absent. The increase in
fluid volume dV/dz: is just the recharge volume per
unit time. Hencs, dV/dt = R2*n if mixing of fresh
water with the poilutant is 100% cffective. Subszi-
tuting inte equation (9) for dV/dt gives

€ . rem (10)

di m

Integrating from zero to ume tyields

l
c=Co 1 +(R/2)¢ an
where Cg is 2n initial conczntration; z is an average
plume thickness; and R is rhe recharge rate that
effectively mixes with the plume over the thickness
z.

Equation (11) is best applied to that partof 2
plume that occupies most of the thickness of an
aquifer. For this case, C, is the concentration
where the plume first assumes such a thickness,

z = H is the aquifer thickaess, and R is the recharge
rate. As an example, assume a1 conservative dilution
rate of 1%, i.e., R/z equals 0.01 yr™. This means
that C(t) equais Co(1 + 0.010) where & is the
concentracion where cthe plume first assumes the
full chickness of the aquifer. [f the transport time

_.VC

-

Fig. 2. Plume mixing with continuous recharge.

to some distance L is in the range of 10 years,
100 years, 1000 years, then C/Co = 0.91,0.5,and
0.09, respectively. Clearly, those contaminants
with long travzl times (low flow velocities or large
distribution coefficients) undergo significant
dilugon.

When appiied to some alternative boundary,
equation (11) is berzer expressed

1
C
%1+ (R/z)(L/V,)

~

where C, is the concantration as meascred at the
waste boundsry: and L is the distance o the
alzernacive boundary whers the concenrration is
expecied to be Cp . If the plume does not

extend over the full thickness of the aquifer
within this region, z is taken 2s an average plume
thickaess and R is modified to include only that
part of the recharge rate that effectvely mixes
with the plume. This [atzer value can only be a very
rough estimate urder the best of condiuons.

CL =

(12)

Mixing with Streams

Most ground water, by narure of its mevement
from topographically high areas to topographically
low areas will eventually discharge into soeams or
rivers. To compuze 2 dilution factor for discharge
of contaminated water into a flowing sweam, 2s
depicted by Figure 3, one must determine the
total contaminant added during some dme period
r, and the total volume of water in the soeam that
accepted this discharge during this ime period. Let
} be the flux (average discharge per unit ame per
unit area) of the contaminant at the sogeam
boundary. The flux J equals Ci V., where Cp_ and
V, are the concenation of the contaminant and
its velocity at che stream aquifer boundary,

n7



respectively. The total mass of contaminant added
during time period r is

Mass added = JYhr = C| V. Yhr (13)

where Y is the length of the discharge zone;and h
is the average warer depth (Figure 3).

The volume of water in the stream thas
flowed past the discharge zone over this time
period r is

Volume of water in stream = VWhr (14)
where V is the velocity of the stream, and W is the
stream wideh. Since the volume of fluid added to

the stream is V. Yhr, the concentration in the
stzeam will be

Coneam = mass added . CLV.Yhr (15)
total volume V.Yhr + VWhr
or, after some rearranging
Comeam = cL (16)

The imporzant factor here is the group of
terms VW/V. Y, which will be 2 very large number
because V/V, is large, where V is the soeam
velocity and V, is the contaminani velocity in the
ground-water flow at the siream aguifer boundary.
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Fig. 3. Contaminant ditcharge inta streams.
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Dilution Factors

The average value approximations given in
this section are designed ro give the esumated
concensraton at some downsrezm point a§ a
functicn of some original concentration C, which
is presumably measured with inventory wells at the
solid waste boundary. Perhaps a better way to
interpres these results is through dilution facors.
Diludon is generally definec as the ratio of the
total voiume of 2 sample to the volume of effluent
conzaired in a sample, and can range from one
(undiluted state) to infinity (totai dilution).
Considering the upstream measuring point to
substitute for the numerator of this ratio, and the
downstream point as the denominator, the working
equations can be interpreted in terms of dilution
factors. Hence, for horizontal spreading [equation
(2)] ,ver:ical spreading (equation (5)], and mixing
with recharge [equation (12)], the ratio C,/Cy,
provides a dilution facror. For mixing with streams
[equazion (16}}, the dilution factor is Cp/Cizeam
Although it is not possibie to rank these dilution
faczors in 2 consistent fashion, it is reasonable o
expect that mixing with soeams is the most
imporzant, and recharge by precipitation is
possibly more significant than spreading, az least in
humid rzgions of shallow ground-water
contamination.

The reciprocal of the dilution faczar is equal
to the volume fraction of effiuent and is referred
to as a rzlative concentration. The relative concen-
tracion can range from one (undiluted siate) to
2270 (toal dilution), and of course Is also easily
calculated and inzerprered.

A MODEL FOR VERTICAL AND
HORIZONTAL SPREADING

The shortcomings of the average value
approach discussed previously may far outweigh
the simplicity of the calculadons. At best, these
calculazions provide a semiquantitative measure of
the dilution potendal for waste sites prior to
intensive investigations.

In this section we hope to enlarge on the
scope of the study to provide a more realistic
mode! that may be useful in a regulazory compli-
ance schedule. Once more, the 2im is to focus on
some altemnative Soundary at which minimum
performance standards must be maintained. Hencs,
2 sizeable degree of conservatism <an be incorpo-
rated. [n addition. this more realistic model focuses
on maximum concentration levels which are of
greater concem than averages in potential contam-
ination studies.



The model is formulated as 2 Soundary value
problem that approximartes the spreading of 2
contaminant plume ia the vertical and horizontal
directions perpendicular to the prevaiiing flow
path. In essence, we have a continuous source
contaminazed parcel moving at a steady one-dimen-
sional velocity subject to transverse spreading pro-
cesses. Mathemaztically, this may be described by
the dispersionconveciion equation

(alc a:C) v < 0 (17)
— P——
ax* a3z’ Y ay

where C{x,z,y) is the concentration of the con-
taminant as a funczion of position; Dy is the
transverse dispersion coefficient; y represents a
spatial coordinate colinear with the velocity of the
contaminant V,; and x and z represent the hori-
zontal and vertical spatial coordinates perpendicular
to the flow. The problem is thus viewed 15 2 two-
dimensicnal semi-infinite medium bounded at the
top, z = 0 by a zero flux boundary, 3C/3z = 0 at

z = 0. Physically, this represents z = 0 as the top
of the sarurated zone in the aquifer. The boundary
condition (y = 0} is determined through measure-
ments at the proposed waste boundary as
described previously. For simplicity we conserva-
tively assign the maximum conceniradon of the
contaminant, C,, over a specified ragion of the
plume as measured at the soild waste boundary.
Thusaty =0

§O<z<2

.
Co for ' (shaded region

~X/2<x<X/2 in Figure 4)

Clx.z,y=0)=

0 otherwise

The soluzion to eguation (17) for boundary condi-
tions above is

Clx.zy)=
Co | z+72 -2
=2 lerf | - erf [ —————r
e 2(D-W‘VJ,)V'] ‘ [Z(DTYN),)”II
x+ X2 _x+X2 crf[ x-X/2 ]‘
2(D-rvav)"‘l 2(Dry/Vy)h
. (18)

This is 2 two-dimensional version of a2 well known
solution presenced by Morgenau and Murphy
(1956, p. 238). The maximum concentration
occurs at the poinc x = 0. z = 0. The concentration
ac this point from cquaction (18) is

= C(‘( O Z= 0 }; =
Co erf [ 2 j erf | ) (19
f [ ————— ] erf [ —————
2(Dryivy )t 4(Dry/V, )% )

where erf (-W) = —erf (W) has been utilized.

[n this model, Vy corresponds to V, of
equation (i) Cy is the initial maximum concentra-
tion as measured in the vianity of the solid waste
boundary: Z is the vertical extent of the measure-
ment zone where the maximum concentration has
been determined in the vicinity of the solid waste
boundary; X i1s the lateral extent of the plume a:
the solid waste boundary, simply taken as the
length of the solid waste facility contributing
contaminants to the ground-water flow (see Figure
4);y is the distance from the solid waste boundary
measurement o the alternate boundary; and erf is
an erroc funcrion, which is well tabulated and is
presented in Figure 5. The first parc of the right-
hand side of equation (19) (the part involving Z)
is for vertical spreading whereas the second part
(the part involving X) is for horizontal spreading.

Consider the following example. Measure-
ments at a site indicate that maximum concentra-
dons extend over 2 zone that is 2about 3 meters
(abourt 10 feer) thick. This is Z. The waste
boundary contributing to the contaminant flow
(X)is about 30 m long {about 100 {eet}. The
paramecer ratio D1 /V, is about one mezer (3 fes3)
and an alternatz boundary is taken as 150 m
(about 500 feet). Eguation (19) becomes

¢, -c 3 et | 30 :
=Co et 150)*‘: x50
or
Cy =Co erf (0.12} X erf {0.62)
Top Of
Saturated
, (0,0} Zone
z /// // Y

oy
-

'
F4

Fig. 4. Contaminant conditiont at waste boundary.
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Fig. 5. Error function.

From Figure 5, erf 0.12 equals 0.13 and erf 0.62
equals 2bout 0.61. Hence, in this case the error
function of the argument is approximately equal to
the argument, and

Cy = Co(0.13)(0.61) = 0.08 C,

That is, over a distance of 150 m (about 500 feer)
from the measurement at the solid wasie boundary,
the concentration decreases from Cg to 0.08 C,.
The quan:icy 1/0.08 gives the dilution factor,
which in this case is about 12, Scated another way,
as lorig as the concentration at the waste boundary
is less than the MCL times 12, the concentration at
the alternate boundarv will be less than the MCL.

Sore additional examples are given in Table 1.

We have made the following assumptions:
1. No longitudinal dispersion, only wansverse.
2. No chemical attenuation.

3. Recharge and other dilution mechanisms
are ignored.

4. Vertical spreading is not impeded by ver
low permeability marteriais.
Of these assumptions, only No. 4 gives risc to some
problems whea the permeable horizon transmitting

the contaminant is abnormally thia and is under-
lain by 2 continuous low permeadilicy uxit (clays
or shales). For this case a berter approximation
would be

Cy=C z I X ]

¥ 0 Hcr l4(DTY/Vy)V‘ (20)
where all pararmerers are as previously defined; and
H s the thickness of the available vertical spreading
zone. Clearly, H would have to be very thin
(perhaps two times Z) to warrant utlization of
equation {20). Note that as H appeoaches Z, the
model incorporates horizontal spreading only. The
limits to horizontal and vertical spreading are
factors to be determined in the field, and will of
course constrain the solution given as equation
(19).

CONCLUDING STATEMENTS

The average value calculations described in
this paper may provide a useful screening mecha-
nism for evaluating the dilutien potential of waste
sites prior to intensive investigations. Faczors such
as potential recharge, available spreading thickness,
ground-water veiocity and chemical retardarion,
and the proximiry and naturc of ground-water
discharge into surfacc-water systems are some of
the numerous factors that come into piay in such
an evaluation. These factors have meaning in a
scresning procedure only if containment of the
waste is not a viable option and if minimum per-
formance standards are regarded as accspradle in
environmental protection.

The requirzments of screzning differ con-
siderabiy from thosc of managemeat controi that
must be employed by regulatory agencies and
owners-operators of waste facilities. Clearly, the
most important part of any waste management
scheme is a reliable monitoring sysiem. Given such
2 system, the monitoring program and the proposed

Table 1, Example Calculations for Hypothetical Situations

X X [
v, v 1 x P I BN
merers marert metery merery Z(DTyNy)“ z(DTYNy) HD—r_er) 4(DTyny) Cq CY
1 150 3 3o 0.12 013 Q.48 D.54 Q.08 12.0
1 130 6 50 0.2% 027 1.5 0D.94 025§ 3.9
1 60 k) 30 a.l9 a1l 1.03 0.86 0.13 5.5
1 40 ] 60 0.38 0.41 2.0% 0.99 0.41 2.5
2 150 3 io 0.08 0.09 Q.46 0.48 0.0+ 3.0
2 150 ] 450 0.18 0.20 a9s a.82 ¢.1a 4.1
2 60 ) 10 0.13 0.14 0.74 0.70
1 &0 -] &0 2.28 0.)0 [.45 Q96 09 1.1
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regulatory and ccmpliance procedurs must be
mumately related and consistent. If containment is
the desiced option, the probiem is very simple: The
compilances poinc is the waste boundary and any
leve! of contamination in excess of the MCL's
detecied at this boundary constitutss aoncompli-
ance and either closure or upgrading. The contain-
ment option requires no evaluation of the
potential contamination of 2 ground-water
resourcs as no contamination is permitted.

If some part of the hydrogeologic environ-
ment outside the acrual waste boundary is con-
sidered as an integral part of facility design, re-
tardation (as opposed to containment) is the
option being exercised. Presumably, the region
outside the waste boundary is capable of affording
some favorable combination of transport and
retardation characteristics. This problem is also
simple, 2t least in principle: the compliance point
is some alternazive boundary and 3 prescribed level
of contamination detected {or prediced?) at this
boundary constitutes noncompliznce and either
closure or upgrading. Opposed to containment, this
option must be coupled with a clearly defined,
simpie, and consistent approach to evaluzating the
potential contaminazion of a ground-water
resource. A main task is to define the alternative
boundary and thena clearly define what constituces
coniamination bevond this boundary. Recent
mends €M 10 r2.Y on primary and secondary
drinking-water Maximum Concentration Levels
(MCL's). If MCL's represent the minimum per-
formance of the waste facility and adjoining region,
it foilows thas any contaminant migradon into the
pubiic domain bevond the aliemnative boundary
must enter bejow the MCL. The placement of the
alternative boundary is a tield problem, and will
depend not only on hydrolegic conditions, but on
demographic, sociologic, and legai considerations
as well.

For those situations where the geology is not
overiy compiex, the model study presented carlier
may provide some assessmeat on wheder or not
minimum performance standards can be achieved.
The model is stmple in cthat it does not require
modeling 2 waste sourse term and relieson a
boundary condition that is actually measured at
the waste boundary. The mode!l is conservatve In
thar transverse spreading is che only attenuadon
mechanism employed, longicudinal dispersion and
reactions in particular being omitied {rom consider-
ation. The mode! necd not be exact in its predicton
in that the oniv concera ts whecher or not the
stated minimum performance standard ac the

alternative boundary wiil be satisiied. Indeed, the
model may be criticized as being oo simplistic in
conception and application, resulting in the predic-
tion of unduly conservazive dilution factors. How-
ever, more sophisticated modeling techniques are
not preciuded for compiex flow sysiems or where
the data base and/or environmental risk warrants.
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PROGRAM DESCRIPTION

EPA-VHS is a simple model to pradict maximum concentration at a prescribed distance cownsiream ircm
a continucus pallution source (compliance point). The model is based on an analytical solution for the
transport of a conservative constituent in a homogeneous, isatropic aquiter with one-dirensional, horizontal.
steady-state flow and dispersion only in directions perpendicular to the flow path. The modei can be used
as a semi-quantitative measure for screening the dilution potential of a waste site prior to more extensive
investigation. The model assumes zero retardation, a continuous input at maximum extraction levels, ard
saturated soil conditions. This program contains two versions: (1) the moditied EPA version as published
in the Federal Register, 50 FR 48886, November 27, 1985; and (2) the original VHS model as published by
Demenico and Palciauskas in Ground Water, Vol. 20, No.3, pp. 201-311, 1982,

This menu-driven program facilitates interactive data entry and editing. The program is set up to be used
with either metric (meter, day) or U.S. customary units {foot, day). For instructional purposes the program

contains a set of realistic default values for the input variables, some of which are values adopted or required

by EPA.

MODEL VERIFICATION

The algorithms used in the program have been tested with MathCAD (c} mathematical 2quation soiver from
MathSch. Inc.. Cambridge, Massachusetts. The MathCAD data file (EPAVHS.MCD) is available on request
from the IGWMC Incianapolis office A hard copy of the MathCAD solution is enclosed as Appendix 1.

Appendix 2 contains reprints of the publications on which this model is based.

To test the program a series of calculations were made using the data provided in the original publication
of Domenico and Palciauskas (1982). tabie 1, p. 310. (See Figure 1.1-1.8). In addition, the program has
been checked for consistency for both sysiems of units used (Figure 2.1-2.4) It should be noted that in
Tatle 1 of Domenico and Palciauskas (1982) a reversal of numbers occurred between column 9 and 10.

The correct value for CV/Co is 10.2, while Co/Cy should be 0.09.
SYSTEM REQUIREMENTS

Minimum hardware and software requirements: - IBM-PC, XT, AT, or compatible microcomputer
- 256K RAM
- Color Graphic Adapter {CGA) board
- One fioppy disk drive



- DOS 2.0 or higher

Optional hardware and software: - Math coprocessar
- A hard disk
- A BASIC comgiler

DISKETTE CONTENTS

The program EPA-VHS runs on 1BM PC compatible microcomputers and is distributed by IGWMC on a
MS-DOS formatted 5% or a 314" diskette. This diskette contains the following files:

EPAVHS.EXE - Executableimage compiled with Microsofi QuickBASIC
v. 4.1

EPAVHS.SCR - Graphicfilerequired for EPAVHS EXE; formatted for use
with the BASIC command BLOAD

EFPAVHS.BAS - Source of program EPA-VHS version 1.0

GWDISP.COM - A required command file to facilitate browsing through
EPAVHS.DOC

README.BAT - Batch file to load GWDISP COM and EPAVHS DOC

EPAVHS.DOC - The documentation file

RUNNING EPA-VHS
Befare running the program, back up the provided diskette(s) by using the DISKCOPY command of MS-50S
or PC-DOS. To run the program from a floppy disk, copy the EPAVHS EXE and the EPAVHS.SCR files to

a work diskette, place the diskette in drive A or B, and enter:

> EPAVHS



For running from a hard disk, first copy pertinent files from the provided diskette to a specified subdirectory
on the hard disk. Then, enter on DOS prompt:

> EPAVHS

Each time new data are entered (or existing data modified), the program uses the latest entry {see Figure
3.1 and 3.2). To go back to the defauit values, re-enter them or exit the program and start again (see
Figure 4.1-4.4). When a particular system of units has been selected, those units are used throughout the
program. To change the system of units, exit and restart the program.

DOCUMENTATION

The documentation provided with this software consists of this repor, and includes a copy of the paper of
Domenico and Palciauskas, published in Ground Water; a copy of the Federal Register, Vol. 50, No. 228,
pp. 48886-48910, Final Vertical and Horizontal Spread Mode! (VHS). and a copy of the paper "Use af the
Vertical Horizontal Spread (VHS) Model for Delisting Hazardous Waste® by K.H. Reinert, presented at the
NWWA /IGWMC conference, "Solving Ground Water Problems with Models.” held in Denver, Colorado,

February 1987.

Additional information on the use and applicability of the YHS model is provided in the Federal Register, Vol.
51, No. 219, pp. 41082-41100, November 13, 1986, and the Federal Register, Vol. 53, No. 48, pp. 7903-7915.

March 11, 1988, among others.
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emmdsmmmesasmtasdssamromesae QRIGINAL WVHS

wprT
Problen {max. 10 characters): Dozenico 1 >3
Extraction procedura (EP) toxicizy concentration
for particular contaainant -- mg/l 100 >>
Lateral extent of the plume at the wvaste
boundary =- B 38 >>
Transverse dispersivity
{ number prescribed by EPA: 2 } -- m 1 >
Distance ta the compliance or raceptor peint
( distance prescribed by EPA: 152.4 ) -- n 150 >
Vertical exzent of waste at edge of disposal
silte -- 2 k) »>
Regional flcw velocity -- m/day 1 >
RESULTS
compliance point concentration: 8.416559 mg/l
Figure 1.1.
......................... ———— ORIGIKAL VHS e e P P P L L L
INpCT )
prehlea (=ax. 10 charactersj}: Domenico 2 >>
Extraction procedure (EP) toxicity cancentration
for parzicular contazinant -- 3g/l 120 >>
Latera. extent of the plume at the waste
toundary =-- o 80 >>
mransverse dispersivity
{ number prescribed by EPA: 2 ) - m 1 >>
nietance to the compliance or recegtor point
{ distance prescribed by EPA: 132.4 y == 3 1590 >>
vert:cal extent of waste at edge of disposal
51te -~ 1@ [} >
Regicnal flow velocity -- u/day 1 5>
RESULTS
Compliancs point ‘concentrazion: 24.84019 mqg/l
Figure 1.2,




emtmsemdmsmemsmsssses=vemantEs ORIGINAL VHS e L LD

INPUT
roblea (max., 10 charactars): Domenico 1 >

Extraction procedure (EP) toxicity concentration .
for particular contaainant -- mg/l 160 >»

fatara. extent of the pluze at the waste

boundary -- m 10 >>
Transversa dilispersivity

{ nurber prescribed by EPA: 2 ) -- = 1 >>
pDistance to the compliance or receptor point

{ distance prescribed by EPA: 152.4 ) -- m 60 »>

vertical extant of wvaste at edge of disposal

site -=- m 3 >>
Regional flow velocity =-- m/day 1 »>
RESULTS
Compliance paint concentration: 17.89264 ng/l
Figure 1.3
ememmemEmaw————————— ammmaea——— QRIGINAL VHS mmmEsmemAseswmmsasemeasEE—esw—--
INPUT
Prcblen (Dax. 10 chaTacters)! Doaenico 4 >>
cxzraction procedure (EP) toxicity cancentration
for particular contaminant -- ag/l 109 >>
ateral extent of the plume at the waste
boundary == 2 60 >
Transverse dispersivity
{ nu=ber prescribed by EPA: 2 ) -- 23 1 >>
pistance to the compliance or receptor point
( distance prescribed by EPA: 152.4 y == a3 &0 >>
Vertical extent of waste at edge of disposal
site -- = [ >
Reqional flaow velocity -- m/day 1 »>
RESULTS
compliance point concentration: 41.133305 mg/l
Figure 1.4.
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......................... emmaa ORIGINAL WVHS

Probiea {(max. 10 charactersj:

INPUT

Extraction procedure (EP) toxicity concentration

for particular contaainant -- mg/l

Lateral extent of the plume at
boundary -- n

Transverse dispersivity
( number prescribed by EPA:

pDistance to the compliance ar receptor point

{ distance prescribed by EPA:

Vertical extent of waste at edge of disposal

site -- a
Regional flow velocity =-=- a/day

the wastTe

2) --=m

152.4 )

RESULTS

Compliance polnt concentration:

100
kL]
2

150

[

4.481051 mg/1

>

>>

>

>>

>>

>>
>>

Figure 1.5
e L L L L R LT L - ORIGINAL VHS et samremccdgrem et mms .- PR
INPUT
Problen (=3ax. 10 ¢haractersj): Doaenico & >
Ex-racticn procedure (EP} toxicity caoncentration
for particular contazinant -- =g/l 100 >3
Lateral extent of the pluze at the waste
beundary ~- a 60 >>
Transverse dispersivizy
{ number prescribed by EPA: 2} -- = 2 »>
Distance %o the ccmpliance or receptor point
{ di:stance prescTibed by EPA: 152.4 ) ~-- 2 159 >
vertica. extent of waste At edge of disposal
site -- 2 6 >>
Regional flow velccity -- m/day 1 >
RESJLTS
Compliance polnt concantration: 15.08034 ag/l
Figure 1.6.




e L [ CRIGINAL VHS cmdsmmm—- cemmmm— smrmmnrmsmmm—-

INPOT
Froblez (max. 10 characters): Domenico 7 >>
Exzraction procedure (EP) toxicity cencentratisn
for particular contazipant -- »g/l 1090 »>
Lateral extent of the plume at the vaste
bouncary -- B h i >>
Transverse dispersivity
{ nu=ber prescribed by EPA: 2 ) == m 2 >>
Distance to the compliance or receptsr peint
{ distancae prescribed by EPA: 152.4 } -- @ 60 »>
Verzical extent of waste at edge of disposal
site -- »n 3 >
Regional flow velocity -- m/day 1 >>
RESULTS

Compliance point concentration: 10.24296 =g/l

Figure 1.7.
......... P T LLLLT T T P QRIGINAL VHS e L L L e T
INPUT
Problea (=ax. 19 characters}: Domenico 8 >>
Extracz:on procedure (EP) toxicity concentraticon
for partizular contaairant -- »g/l 100 >
Lateral extent of the plume at the vaste
baurdary -- =3 &0 >>
Transverse dispersivity
{ nunser prescrited by EPA: 2 ) --m 2 >3
Distance to the compliance or receptor paint
{ distance prescribed by EPA: 152.4 ) -- 2 &0 >>
Yertical exten:t of waste at edge of disposal
site == 1 >
Regiona. flow velecity -- a/day 1 >»
RESULTS
compliance point concentration: 18.55451 nq/l
Figure 1.8.



recmeceswmmoamemesasaseasssms=e EPA-MODIFIED VHS cccceeccss-ws

INPUT
Problen {max. 10 characters): Test 2. >>
Ex=-action procedure (EP} toxicity concentration
for particular centaminant -- mg/l 100 >
Wid=h of a single disposal trench
{ vidzh prescribed by EPA: 12.192 ) -- = 12.192 »>
Transverse dispersivity
{ number prescribed by EPA: 2 ) -- = 2 >>
Cistance to the coapliance or receptor point
( distance prescribed by EPA: 152.4 ) =-- m 152.4 >>
Waste volume -- cub.a3 500 >»
Cross-sectional area of disposal site, normal
to flow direction -- sq.2 19.72897 >>
RESULTS
Disposal trench length: 16.81861 =
Complianca point concentration: 4.225991 /)
Figure 2.1.
........... I L LT T YT QRIGINAL WVHS MmmwASammEawer-SSssTcasmendsemane
INPUT
preblem (max. 10 characzers): Test 92 >>
Ext-aczion precedure (EP) Toxicity concentration
ror particular contaminant -- nq/1 100 >>
Lateral extent of the plude at the waste
tcundary ~- 2 16,8861 >
Transverse dispersivity
{ nucber prescribed by EPA: 2 ) -—- m 2 »>
Distance to the ccapliance or receptaor peint
{ distance prescribed by EPA: 152.4 ) -— B 152.4 >
Vertical extent of waste at edge of disposal
size == 2 4.938016 >>
Regiarnal flow velacity -- a/day 1 >>
RESULTS
Compliance point concentration: 4.215991 g/l
Figure 2.2.




R emmemsmesassamsasasmase EPA=MODIFIED VHS ecce---

INPOT
Prohiem (max. 10 characters): Test 02 »>
Extraczion procedure (EP) toxicity concentration
for particular contaminany =-- mg/l 100 >>
Width of a single disposal trench
{ width prescribed by EPA: 40 ) —- ft 40 >3
Transverse dispersivity
{ number prescribed by EPA: 6.56168 ) -- It 6.56163 >>
Distance to the coapliance or receptor point
{ distance prescribed by EPA: 500 ) =-- H4] 500 »>
Waste volune —-- cub.ft 17657.31 >>
Cress-sectional azea of disposal site, notmal
to flow direction -- sq.It 320 >
RESCLTS
Disposal trench length: 55.17916 f3
Compliance point concentration: 4.22599 Bg/1
Figure 2.3
........... e mmsmemw— e ————— ORIGINAL VHS Meecmsisssssssmsuasviamssaasssane
INPCT
Problen [max. 10 characters): Test C4 >>
Extraction procedure (EP) toxicity concentration
fcr particular contazinant -- ag/1 1090 >>
tateral exzent of the plume at the waste
boundary -- It 55.17914 >»
Trarnsverse dispersivity
{ nuaber pressrided by EPA:  6.56163 ) == ft 6.56163 >>
Distance to the compliance or receptor peint
{ distance prescribed by EPA; 500 } =-- It 5C0 >>
Vertical extent of waste at edge of disposal
size -- ft 16.20034 >>
Regional flovw velocity =-- ft/day 31.28G84 >
RESULTS
Compliance point concentration: 4.2253% wmg/l
Figure 2.4.
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eevccccmmesemsnmeencneseaneens LPA=MCODIFIED VHS ceceresmeccceccemcacsssansaann=s

INPUT
Preble= (max. 10 characters): TEST 01 >> EXAMPLE
Exzraction procadure (EP)} toxicity concentration
for particular contaainant -- mg/l 100 >>
Wid:zh . of a single dispaosal trench
{ widzh prescribed by EPA: 12.192 ) -- 2 12.192 »» 10
Transverse dispersivity
( nueber prescribed by EPA: 2 } =-- 2 2 »> 1
Distance te the ceapliance or recepter point
{ distance prescribed by EPA: 1532.4 ) --m 152.4 >> 200
Waste voluze -- ¢ub.n 500 >> 1900
Cross-sectional area of disposal site, normal
to flow direction =-- sg.m 29.72897 »>> 50
RESULTS

Disposal trench length: 20 m
Compliance polnt concentration: 4.810802 mg/l

Figure 3.1

eidsececm—memmemesaseaemamanes EPA-MCDIFIED VHS aw-cevecerecccsmcazosamcomnoonas

INPLT
praclea (=:ax. 10 characters): EXAMPLE >>
Extracz.on procadure (EP) toxicily ec=ncentraticn
for particuiar gcontazinant == mg/1 160 >3
Width of a single disposal trench
{ widzh prescribted by EPA: 12.192 } -- 2 ic >>
Transverse dispersivity
{ number prescribed by EPA: 2} =~ m 1 »>
Distance to the cecmpllance or receptor peint
{ distance prescribed by EPA:  152.4 ) -- =3 200 >>
Was*e volume =-- cub.a 1390 >
cross-sectional area of dispesal site, norsai
vo flow direction -- s9.3 %3 >>
RESULTS

Disposal tranch langth: 20 m
Compliance point concentration: 4.310802 mg/l

Figure 3.2.

[




e L LT T e== EPA-MODIFIED VHS sccccan=== LT P

INFUT
Prablen {(max. 10 characTers): TEST 91 >>

Fxzraction procedure (E?) toxicity concentratisn

for particular cszntaainant -- =g/l 100 >
Wwidth aof a single disposal trench
{ width prescribed by EPA: 12.192 ) =-- m 12.192 >>
Transverse dlsparsivity
{ number prescribed by EPA: 2 ) -- m 2 >>
Distance to the compliance or receptor peint
{ distance prescribed by EPA: 152.4 ) -- m 152.4 >>
Waste voluze -- cub.a 500 >>
Cross-sectional area of disposal site, normal
to flow direction -- sg.a 29.72897 >>
RESULTS

Disposal trench length: 16.81861 =
Ccompliance point concentration: 4.2259%1 wg/l

Figure 4.1.
ceetamaramm—acccssmmssassnm == QORIGINAL VHS amSsmmEstesEEme et a e .-
INPUT
Preblea (max. 10 characters): TEST 01 >
Extrastion procedure (EP} toxicity concentrazion
for particular contaainant -- eg/l 1c0 >>
tateral extent of the plume at the waste
beurndary -- @ 16.81861 >>
Transverse dispersivity
{ nu=ber prescrited by EPA: 2 ) -- 2 2 >>
Distance ta the coapliance or receptar peint
{ distance prescrited by EPA: 152.4 ) --nm 152.4 »>
Vertical extent of waste at edge of disposal
site -- = 4.938016 »>
Regional flow velocity -- m/day 1 >
RESULTS
Compliance point concentratlen: 4.225391 g/t
Figure 4.2.
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APPENDIX 1: MATHEMATICAL MODEL AND MATHCAD TEST DATA

A-1



THE VERTICAL AND HORIZONTAL SPRTAD MODEL EPA-VHS
ASSUMPTIONS: - continuous source

- steady one-dimensional horizontal flow
- no longitudinal dispersion

VERSION 1: MODIFIED EPA/VHS =~ NOVEMBER 1985

INPUT DATA:
¢ = 100 Extracticn Procedure (EP) toxicity concentration for
0 particular contaminant
y' = 12.2 Width of a single disposal trench (Fixed number, defined by
EPA)
a =2 R = 10 a = transverse dispersivity; a = vertical
t tz t z
dispersivity; R = a /a (fixed numbers,
tz t z

defined by EFA)

Y = 152.4 Distance to the compliance or receptor point { fixed number,
E defined by EPA)
W = 500 Waste volume, used to calculate X , the dispcsal trench

v length : E

Cross-sectional area of dispcsal site, normal to flow
direction used to calculate X

%
1
3%}
Yol
@

J
RESULTS: a = 0.2
z
Cisposal trench length X = 16.779
E
Corpliarce point concentration: C = 4.218
E

A-1.1



VERSION 2: DOMENICO AND PAICTAUSKAS 1982

ADDITIONAL INPUT:

v =1 Regional flow velocity

Y

RESULTS:

Transverse dispersion coefficient: D =2
T

Vertical extent of waste in groundwater

at edge of disposal site (back-calculated

fraom EPA-VHS): 2 = 1.562

Distance from solid waste boundary to

compliance point (alternative boundary): Y = 152.4
P

Lateral extent of the plume at the

solid waste becundary: X = 16.779
P

Cenpliance point concentration: c = 1.342
P



EQUATIONS

General Defiritions:

Calculation Resulting Concentrations:

X
¥ E
VEESTION 1 C = C -erf -erf
E 0] 4 Y
A E 4-la -Y
t E
- % -
[ Z ] P
VERSION 2 C =C -erf carf
P 4]
. L

Addirtional Global Cefinitions:

>
]

A-1.3



APPENDIX 2: BACKGROUND DOCUMENTS

Demenico, P.A., and A A. Palciauskas. 1982. Alternative Boundaries in Solid Waste
Management. Ground Water 20(3):301-311.

Federal Register (FR) Nov. 27, 1985. 40 CFR Part 261, Hazardous Waste
Management Systems; Identification and Listing of Hazardous Waste; Final
Exclusions and Final Vertical and Horizontal Spread Model (VHS). FR
50(229):48886-48910.

Reinert, K.H. 1987. Use of the Vertical Horizontal Spread (VHS) Model for Delisting
Hazardous Waste. in Proceedings NWWA/IGWMC Conference on Solving
Groundwater Froblems with Models, Denver, Colorado, February 10-12,
1987. Nat. Water Well Assoc., Dublin, Ohio, pp. 1384-1398.
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